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RI SK COMMUNI CATI ON FOR
SUPERFUND SITES: AN ANALYSIS OF
PROBLEMS AND OBJECTI VES
CHAPTER 1: | NTRODUCTI ON  AND OVERVI EW
1.1 The Probl em
The Environmental Protection Agency has an extraordinarily difficult task
in managing the Superfund Program Al though citizens are very concerned about
Superfund sites, scientific estinmates of the risks fromnost sites indicate
that the hazards are very small. Thus, EPA faces public denmands for extensive
and expensive clean-up for many sites when scientific risk assessnent fails to
justify such efforts. Gven these circunstances as well as the real fears of
residents living near Superfund sites, the hypothesis underlying nost research
on risk conmuni cation has been that people just do not understand the "true"
ri sks and that good communi cation of these risks will in and of itself solve or
reduce the problem defined above. In other words, good risk comunication is
just good communication. This viewoint, which is not supported in the
research reported here, comes in great part from experiences with natura
hazards such as tornadoes, hurricanes and floods where risk communication
programs have shown considerable success. Sorensen and Mleti (1987), for
exanpl e, argue that the social psychol ogi cal nodel devel oped for risk
conmuni cati on about natural hazards provides many insights into good risk
communi cation. W show in the research presented here that the argunent that
ri sk comunication is just good communication is likely false for |ow
probability risks such as those present at mpst Superfund sites. In fact, when
the standard ri sk conmuni cation strategies fromnatural hazards research (which
work well at high probabilities as Sorensen and MIleti suggest) were applied
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in a low probability situation, that of possible volcanic activity near the
Mammot h Ski area in California, an utter fiasco resulted. Property values fell
substantially after a warning was issued, even though the odds of a M. St.

Hel ens type event were minute. Further, these odds were clearly described to
residents and the news nedia (See Thayer et al., 1986). W have previously
docunented a simlar substantial fall in property values near a Superfund site
where scientific assessnents have shown no evidence of significant risk

(Schul ze, Mcdelland and Hurd, 1986). Thus, both Superfund sites and natural
hazards with | ow probabilities of harnful consequences have been shown to have
the sanme potential for inappropriate |evels of concern anong popul ations
exposed to or hearing about the risk. Consequently we agree with Slovic's
(1986) assessnent that, for low probabilities, we know al most nothing about

ri sk conmmuni cation.

The primary purpose of the research which we present here has been to
attenpt to determ ne what goes wong with risk conmunication at | ow
probabilities. The research initially attenpts to answer two rel ated
questions. First, does sonething go wong in the way people think about |ow
probability hazards? Second, can it be conclusively shown that the individual
and conmunity response to low probabilities is inappropriate? The answers we
provide to these two questions in turn raise some very serious policy issues
for EPA with respect to risk comunication at Superfund sites (which we discuss
later in this chapter). Since we find that people do fail to behave

appropriately at |low probabilities no matter how well they understand the risk,

we then anal yze how factors that affect risk judgnents nmay be enployed as part
of a risk communication strategy to help people better judge the risk from
Superfund sites. That strategy in our view nust incorporate
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an understanding of the inherent inability of the public to respond
appropriately to even the clearest nost understandabl e statenents concerning
| ow probability risks.

1.2 Summary and Inplications of the Research

Thi s section summarizes two research efforts used to devel op specific
suggestions for risk comunication at Superfund sites. The first effort sought
to expose people to a series of situations where the risks were nmade absol utely
clear so the response to perfect risk communication could be exam ned. The
probability was experinentally |lowered to see what difference | ow as opposed to
hi gh probabilities made in the response and to gather data in a sinple
situation to hel p understand the source of any probl enms which mght appear at
| ow probabilities. The response chosen to measure concern for the risk in the
experiment was to find out how nuch people would pay for insurance against a
risk of loss. The loss was a fixed dollar amount. The probability of |oss was
obtai ned by putting red and white poker chips in a bag where subjects were
first shown the chips and repeatedly told the nunber of each color before they
saw them placed in the bag. Thus, people knew the exact dollar |oss and exact
nunber of red and white chips in the bag. They were then told if a red chip
were drawn they woul d |1 ose the specified amunt unless they bought insurance
whi ch woul d prevent the loss if a red chip were drawn. Thus, they could buy
their way out of being exposed to the risk, and their wllingness to pay was a
clear measure of their concern. The analogy to a hazardous waste site is as
follows: the fraction of red chips in the bag corresponds to the odds of
cancer or other health problens from the site, while the specified dollar |oss
corresponds to the consequences of cancer or other health problens if they

occurred. The point is not that a nmonetary loss is |ike cancer or that
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drawing chips is actually like the risk of getting cancer; but rather, if the
mental process generating concern for drawing a red chip fails to yield appro-
priate behavior at |ow probabilities in the very sinple experinental situation
in the nore conplex and enotional real world, behavior will be nuch worse

In our experinents, the value that people should place on insurance, at
least to a first approximation, is the probability times the loss.t This
amount is called the expected value of the loss. However, based on debriefing
of subjects, none of themused this procedure to arrive at the value of
insurance. Rather, as Hammond, et al., (1987) have noted, when people do not
have access to an anal ytical nental process (calculation of expected value) to
deci de how concerned they should be, they use an intuitive nental process
i nst ead. In our experinents this intuitive process led to the follow ng
results. At higher probabilities of [oss, such as four in ten, people
intuitively valued and paid expected value for insurance. In other words, at
hi gher probabilities the intuitive nental process yielded about the right |eve
of concern for the loss. However, as we dropped the probability below one in
ten the response began to split into two types. Either (1) the level of
concern did not fall enough as the probability fell and people paid too nuch
for insurance (many tinmes expected value) or (2) people showed no concern at
all, dismssed the risk, and bid zero. Figure 1.1 shows a nodel of how people

judge how concerned to be at | ow probabilities based both on our debriefing of

1We denonstrate that risk aversion plays no role in our experinents in Chapter
3. However, in the real world situation of a Superfund site, risk aversion or
ri sk seeking behavior may play a significant role. Risk preferences, however,
have nothing to do with the cognitive errors which occur at |ow probabilities.
These errors are not only clearly denonstrated in the research, described here
but have been repeatedly denonstrated by psychol ogists. See for exanple
research by Kahneman and Tversky, 1979, 1981, 1984, Lichtenstein, et al. 1978
and Conbs and Slovic 1979
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subjects and on the responses described above. Apparently when faced with a

| ow probability people first try to decide if the risk is worth worrying about
at all. People face innumerable small risks and evaluating all of them would
be inpossible. Thus, they first decide whether to evaluate the risk or just to
dismiss it. |If they edit the risk and dismss it then they act as if they show
no concern. On the other hand if they decide to evaluate the risk they then

appear to go through the followi ng process: first, they think about or anchor

on the loss event. In the case of a Superfund site the loss event is likely to
be cancer, a birth defect or other illness or disease possibly leading to
death. In our experinments the consequence is just the loss of a sum of noney.

In either case people then take this |evel of concern, obviously large for a
Superfund site, and attenpt to adjust their concern downward to account for the
fact that the consequence is not a certainty. People start out by thinking
"wouldn't it be terrible if the site gave me or ny famly cancer”; and then
think, “but maybe it won't, so | don't have to be quite so worried.’
Unfortunately psychol ogi sts have repeatedly denonstrated that when this
intuitive anchoring and adjustnent thought process is used, the adjustnent
al nost always falls short. In other words, for low probability risks people do
not adjust down enough and end up with excess concern. In the case of
Superfund sites, since the potential consequences are so bad and the
probability is so low, a lot of downward adjustnent in concern is necessary.
By falling short in the adjustnent process people end up rmuch too worried

One way of showing the response to a |ow probability risk is to plot the
frequency distribution of the anount of concern generated. The upper panel in
Figure 1.2 plots the percent of subjects in an experinent offering to pay
different amounts for insurance. The amounts shown on the horizontal axis are
expressed as amount bid for insurance divided by expected value. Since the
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| oss was $40 and the odds of loss were 1/100 in this experinment, expected val ue
was 1/100 x $40 = $.40. Thus, people should all offer to pay about $.40 for

i nsurance (shown as unity along the horizontal axis). However, the nost
frequent bid was 2 1/2 tines expected value or $1.00 (which falls in the 2
BIDVEV category). The second nost frequent bid was zero. Note also that the
hori zontal axis is logarithmic (with the exception of the separate category for
zero bids) to conpress the scale since some bids were very large. The |ower
panel in Figure 1.2 shows the frequency distribution of concern for residents
around a Superfund site in Mnterey Park, California. The vertical axis again
measures frequency as a percent of the population while the horizontal axis
measures risk beliefs froma risk |adder, again on a logarithmc scale with a
separate category for zero risk. The simlarity between the two distributions
is striking, showing a | ower node of individuals who edit the risk and show

little concern, and an upper nmode of people who overestinmate the appropriate

| evel of concern

This |ast statement, that some people overestimate | ow probability risks,
can only be justified on the basis of the experinent, not on the basis of the
risk beliefs taken fromthe hazardous waste site. Wwo is to say that the upper
mode group who believe that the Superfund site is very dangerous will not sone
day be proven correct, even if scientific assessments now show no risk?
In contrast, under the controlled circunstances of the experinent, the true
risk is known to all, subjects and experinenter alike. In this situation the
fact that subjects behave inappropriately can be clearly denonstrated

It is interesting to note just how badly subjects performed. W have run
subjects at 1/100 odds of a $40 | oss through nore than 100 trials. Thus, a
chip was drawn froma bag containing 99 white and one red chip nore than 100
successive tinmes. As noted above, subjects should bid $.40 for insurance on
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each trial. The logic of this approach is as follows: over 100 draws, one
woul d on average expect one red chip to be drawn for one expected |oss of $40.
If insurance were purchased by a subject in every trial for $.40, $40 woul d be
spent to avoid an expected $40 loss. In fact, nost people in the experinment
ei ther obtained insurance for around $1.00 on each trial or bid $. 00 and did
not get insurance. People who got insurance all the time paid about $100 over
one hundred trials to avoid one expected | oss over that period of $40. People
who al ways bid zero and never got insurance over one hundred trials typically
suffered one loss of $40 but paid nothing for insurance and came out far ahead
of those who bought insurance. In fact, over 100 plus trials, those who
usual I y bought insurance often went broke.2 These subjects left the experinent
bewi | dered, realizing they had done sonething wong, but not knowi ng what.
They thought they were “playing it safe" by buying insurance to protect the
initial noney they were given but were in fact wasting their noney and their
concern on avoiding a | ow probability event which did not merit their
attention. Therefore it can be seen that, for |ow probabilities, editing is
better strategy when conpared to overestimating the appropriate |evel of
concern. This suggests that the actual goal of risk comunication in anal ogous
situations in the real world should be to encourage people to edit the risk
Peopl e faced with such risks, in deciding what to do, can be thought of as
trying to cone up with the appropriate |evel of concern (expected val ue) using
a defective electronic calculator. They punch in the |oss and the nunerically
smal | probability. However, the calculator, rather than nmultiplying the two
nunbers, either comes back with an answer of zero or an answer which is much
too high relative to expected value. At high probabilities (above .1) the

cal cul ator works nmuch better, yielding nunmbers fairly close to expected val ues.

2 These experiments used real noney supplied by the Council on Research
and Creative Work at the University of Col orado-Boul der.
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The fact that people are in sone sense “lost” at |ow probabilities was
al so demonstrated in our experinments. Over many trials the concern people
pl aced on the risk did not remain constant as it should have, since expected
value was constant over trials. Rather, when long runs of white draws occurred
(inevitable with 99 white and 1 red chip) the level of concern drifted
downward. In contrast, after a red chip was drawn, concern would drift

upward. Thus, these inappropriate cues influenced the level of concern

Slovic (1986) has extensively analyzed the real world factors which tend, often
inappropriately to bias the level of concern. The reminder of this section
describes the inplications of such influences. Many of these factors, shown in
Figure 1.3, play an inportant role in devel oping an appropriate risk
conmuni cation strategy.

Based on our study of a Superfund site (summarized in Chapter 4), the
factors shown in Figure 1.3 work to influence risk beliefs as follows:

Physical Remi nders. In the absence of constant reninders people will tend

to forget about, or edit, a risk. In contrast, tall fences around a Superfund
site, warning signs, the noise of truck traffic associated with clean up of a
site, views of workers wearing “space suits,” and odors or snoke froma site
all remind people of the existence of risk and tend to cause excess concern
These remninders should be consistent with public safety but should not be
exaggerated by a lack of awareness of how the pubic might misinterpret them

Media Attention. Recent studies have shown that the nmedia contribute

substantially to excess concern (see Chapter 5 as well as WIKkins, 1987).
Medi a attention provides reminders of risk when none may actually be present.
The nedia, concerned with ratings or circulation, have an incentive to
sensationalize issues especially where public controversy exists.

Superfund sites will produce controversy between the no concern
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FIGURE 1.3
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group and the group with excess concern described above. This controversy
will attract nmedia attention which provides reninders of the risk which are
i nappropriate cues reinforcing the beliefs of the group with excess concern
The media plays a central role in this process which has been ternmed socia
amplification. There is little we think EPA can do in this situation other
than to avoid contributing to the anplification process by avoiding
conmuni cating risks in a way which | eads to exaggerated concern

Experi ence. I ndi vi dual experience will strongly influence risk beliefs.
If a neighbor has recently died of cancer, that death may well be falsely
attributed to a nearby Superfund site by a worried fanmly. |f people have been
aware of arisk for a very long time, i.e., have a lot of experience with the
risk, they tend to adapt to the risk, view it as part of the status quo, and
edit the risk. Thus, old risks such as coal fired power plants, garden
chemcals, and driving are often edited while a new risk such as that froma
Superfund site (which used to be viewed as relatively harm ess) creates nuch
concern

Fram ng of Gains and Losses. People are much more concerned about |osses

than they are concerned about gains relative to the status quo. Thus, reducing
an old risk (a gain relative to the status quo) is not very inmportant to nost
peopl e but finding out you have been exposed to a new risk (a loss fromthe
status quo) gets people very concerned. Some people may becone accustomed to a
Superfund site and oppose clean up efforts because any new ri sk associated with
clean up (a loss) increases concern nore than renoving the old risk fromthe
site (a gain) decreases concern. Risk communication efforts should carefully
consi der how proposed actions will be stated and interpreted in terms of |osses
and gai ns.
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Ri sk Characteristics. Sone risks have characteristics which raise

concern. For exanple, people tend to be nore concerned if many people are
killed at one time. Sone nodes of death such as cancer may be nore feared than
others such as accidental death. People may inagine that a Superfund site

m ght explode, spreading a cloud of toxic gas, killing many people inmmediately,
while leaving others to die years hence fromcancer. Risk communication about
the nature of consequences might do nmuch to allay such fears.

I ndi vidual Characteristics. Families with children, younger people, and

worren all tend to be nore fearful of Superfund sites. Education, incone |evel
and occupation seemto have little or no inpact on risk beliefs. This

i ndividual information can be used to help predict where concerns are likely to
appear over Superfund sites and over cleanup activities.

Many of the factors discussed above play a role in generating excess
concern around Superfund sites. Unfortunately the role of these factors, which
have been expl ored nost extensively by Slovic, have been often m sunderstood,

-3 has much of Slovic's research. Slovic is not arguing that these factors are
appropriate determnants of risk beliefs. Rather, he has denonstrated that a
rather long list of nobstly irrelevant factors influences the |evel of concern
shown for low probability risks. These irrelevant factors become influential
because, as we have argued above, people are lost at |ow probabilities. Thus,
since they have no analytical mental process to rely on, they substitute a very
faulty intuitive process which is inpacted by the factors shown in Figure 1.3.

Unfortunately, many non-psychologists witing in the area of risk
conmuni cation, not realizing that the above factors lead to faulty judgnments,
have incorporated theminto suggestions for risk comunication. For exanple,
dramatic illustrations which enphasi ze physical remnminders may seemto
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constitute the el ements of good communication, but instead can serve to
unnecessarily frighten people. Mich current advice on risk communication is
il advised for Superfund sites because the problemin the past has been to get
people facing a high probability risk (fromtornadoes, smoking, or driving a
car) to stop editing the risk and do sonmething (take shelter in a stormcellar
stop snmoking, or buckle up, respectively). The problem at Superfund sites is
just the opposite, to get the people who are overly concerned to edit the risk
and not do anything (do not sell your honme at a |oss, do not be afraid, etc.).

1.3 Alternative Approaches for Risk Conmunication.

G ven the current understanding of factors which affect risk beliefs, what
strategies for dealing with the msmatch between the public’'s subjective
beliefs and scientific estimates of risk at Superfund sites are available to
EPA? Purely for purposes of defining issues and the range of options we
briefly evaluate four alternative approaches: (1) Benign neglect, (2)
Aggressive risk comunication, (3) Conflict resolution, and (4) Conplete site
cleanup. These alternatives inply (mwving from1 to 4) increasingly expensive
cl eanup operations.

Beni gn Neglect. The discussion of the preceding section suggests that

Superfund sites, if left conpletely alone, will eventually become viewed as
part of the status quo just like risks fromcoal fired powerplants, autonobiles
and garden chemicals. As the new risks from Superfund sites become old risks
concern will subside. Oobviously however, for the very reasons outlined above
public concern is now very intense at many sites and would likely take a very
long time to subside under this scenario. Beyond the legal and politica
infeasibility of this approach, it is also bad policy in that people who
bel i eve Superfund sites pose great risk are actually suffering. The concern
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they express is genuine as denonstrated by large drops in property val ues.
These concerns are not feined or insubstantial in spite of our argunents that
they result from cognitive problems. Since econonic damages are real (as
expressed in property values) benefit cost analysis also suggests that action
shoul d be taken and that benign neglect is an inappropriate strategy.

Aggressive Risk Communication. Since the intense concern for Superfund

sites is of ten inappropriate, one formof action would be to vigorously to
mani pul ate all of the known factors which affect risk beliefs to attenpt to
decrease that concern and consequently avoid "unnecessary" expenditures for
cleaning up sites which generate little actual risk. Two obvious problenms are
associated with such an approach. First, we do not know enough about risk
conmuni cation to pursue such a policy successfully. Second, such a
mani pul ative policy is offensive in a denocratic society and smacks of policies
pursued in closed societies. EPA has an obligation to provide accurate
information to the public and, aside from ethical considerations, heavy handed
attenpts at mnimzing risks will inevitably backfire, causing an even nore
intense over-response from the public.

Conflict Resolution. Since the pubic response to a problem Superfund site

wi |l be excess concern anong one group of citizens and little or no concern
anong another group of citizens, conflict will inevitably arise over the
appropriate course of action to take in cleaning up the site. This conflict
provi des the best opportunity for risk comunication to provide scientific
evidence to both sides in an open public debate. The natural tendency in a
formal conflict resolution process (fostered by EPA) will be to reach a
conpromi se. The resulting cleanup effort will likely be substantially |ess
than the very concerned group would have desired. However, the concerned group
will recognize, if the process is a fair one, that conpronise was necessary to
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reach a solution given the diversity of public views. EPA should not take
sides in this process (avoiding a no win situation) but rather provide
technical information through a group of neutral scientists picked by the
community to advise them in the conflict. Wat is critical in this process is
t hat Superfund personnel avoid making the situation worse in the way the site
is managed, the way cleanup operations are presented, etc. Chapter 5, which
provides our guidelines for risk conmmunication, follows this strategy.

Conplete Site Cleanup. In the long run, fairly conplete cleanup of

Superfund sites, w thout much consideration of scientific assessments of the
risks, in response to public pressure will solve the problem However, this
solution is not wthout severe disadvantages. First, it is unlikely that
enough nmoney coul d ever becone available to satisfy concerned citizens near all
Superfund sites. Second, it would obviously be preferable to use risk

comruni cation to allow nore noney to be spent on sites which have higher
scientific estimates of risk. Third, cleanup activities thenmselves tend to
frighten the public. The prospect, for exanple, of burning hazardous wastes on
site will be regarded as a new risk and a loss fromthe current status quo.
Both of these characteristics will generate intense concern. Thus, in the
absence of a strategy such as conflict resolution cleanup efforts thenmsel ves
may exacerbate probl ens.

It is our viewthat the only practical alternative available to EPAis to
apply risk communication in the context of conflict resolution. In nany
respects, current EPA policy is consistent with this approach. However, it is
our view that nore effort should be devoted to conflict resolution within the.
Superfund program Current procedures do not provide an EPA sponsored
framework for a formal process which includes, for exanple, the appointnent of
a comunity selected panel of scientists to review risks. An exanple of how
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ri sk comuni cation blends with conflict resolution is described in a paper by
Hammond, et al. (1976) which is included as the Appendix to this report.

In summary, we are very pessimstic about prospects for explicit risk
conmmuni cation at Superfund sites. If EPA inherits a site where people are not
already concerned, attenpts at risk communication may well provide
i nappropriate renmnders and cause some people to nove froman edit decision to
become overly concerned. |If EPA inherits a site where many people are already
very concerned, attenpts at risk comrunication can easily reinforce those
concerns and fal sely convince those who currently ignore the site to evaluate
the risk. Since nost people (experts included) when evaluating a | ow
probability risk tend intuitively to overestimte how concerned to be, they are
better off ignoring the risk. Inplicit risk comunication through nanagenent
of perceptual cues such as physical reninders may, however, be a fruitfu
approach along with conflict resolution. Unfortunately nost of what we know
about explicit risk comrunication has come fromattenpts to warn peopl e about
i mportant hazards which they are ignoring and so is inappropriate for Superfund
sites. Consequently nuch of the advice on risk comunication which EPA has
received for these sites is, in our view, incorrect.

1.4 The Organization of the Report.

Readers who do not wish to exanmine the technical aspects of the research
reported here may skip directly to Chapter 5, "Risk Communication Guidelines,"
whi ch contains our specific reconmendations for risk comunication procedures
at Superfund sites. Chapter 2 provides a technical synthesis of what is known
about risk communication and the formation of [ow probability risk beliefs
based both on our own research and the research of others. Chapter 3 presents
the details of the core experinments described above. Chapter 4 sunmmarizes our
prior study of how risk beliefs were formed at a Superfund site
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CHAPTER 2: A TECHNI CAL SYNTHESI S

In this chapter we review what is known about risk beliefs and risk
communi cation fromthe research literature and especially from our own
prior research in this field. This review provides necessary background
for our recomendations which are presented in Chapter 5. Based both on
the literature and our research we devel op a nodel of risk judgments that
leads directly to those reconmendations.

2.1 Low Probabilities.

It is quite clear that it is low probability events that are especially
problematic for risk judgment and conmunication. For exanple, Kahneman and
Tversky's research (1979, 1984, and Tversky and Kahneman, 1981) supporting
their Prospect Theory shows that outcomes with | ow probabilities receive a
di sproportional weight in the decision process. Lichtenstein, Slovic
Fi schhof f, Layman and Conbs (1978) and Combs & Slovic (1979) have found
that many people seriously overestimate | ow probability events that receive
di sproportional coverage in the nedia (e.g., botulism poisoning)

Vallsten and his colleagues (see Wallsten, 1986) provide an interesting
denonstration of the difficulties in communicating |ow probabilities. In
one of their experinents, one nenber of a pair is shown a probability
graphically (as an area of a pie chart). That person's task is to

communi cate that probability to the other menber of the pair w thout using

nunbers. Instead of nunbers the conmunicator can use phrases such as "very
unlikely" or "rarely" or "probably." The person receiving the information
then nust estimte the probability being comunicated. The result is that
nmoderate probabilities (.15 to .85) are comunicated rather accurately but
nore extrene probabilities (close to zero or one) are communicated quite
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poorly. The error is that the receiver of the communication overestinates
| ow probabilities and underestinmates high probabilities. These results
suggest that non-numerical |anguage for communi cating very |ow and very
high probabilities may sinply not exist in English.

Qur own | aboratory research also dramatically illustrates risk judgment
problems for |ow probabilities. In our studies, participants bid for
i nsurance to protect them against a real econom c |oss that woul d occur
with a known probability. We used an auction procedure (a multi-unit
Vickery or conpetitive auction) known to have denmand-revealing properties
in order to get participants to bid what the insurance against the risk was
really worth to them Thus, their insurance bids can be considered a
measure of their concern about the potential hazard. Figure 3.1 of Chapter
3 shows the mean values of the ratio of the bids (B) to the expected val ue
(EV which equals probability of the loss times the magnitude of the |o0ss)
as a function of probability. If bids are consistent with standard
assunptions of econonmic rationality, then B/EV should equal 1 for al
probabilities. For probabilities of .2 and above, B/EV is very close to 1;
however, B/EV is sonewhat greater for p =.1 and very much so for p = .01
where insurance bids are about 2.5 times greater than EV. Thus, average
concern for |ow probabilities is much greater relative to an EV nodel, than
average concern for higher probabilities

Canerer and Kunreuther (1987) report that in their experinments using
doubl e-oral auction markets insurance prices approach expected value for a
| arge range of probabilities and |oss amunts. They explicitly express
surprise at our results reported in Chapter 3 because they obtain mean bids
near expected value even for low probabilities. The explanation for the

difference in the results between the two sets of studies is that
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Canmerer and Kunreuther recruited students from decision sciences and
finance classes at the Wharton School and Canerer and Kunreuther thensel ves
note that these students “were famliar with concepts of probability,
expected value, and sonetines risk-aversion." Wiile it is conforting to
know t hat students explicitly taught expected value learn it and can apply
it in these bidding experiments, it provides no evidence that typical
citizens can understand and appropriately respond to | ow probability

risks.

Thus, research is consistent in suggesting that |ow probabilities will
be difficult for typical people to understand. By low, we nean
probabilities of about .05 and below. O course, nany of the risk
probabilities that are of interest to the Environmental Protection Agency,
in general and to Super fund, in particular, are nmuch less than that. It is
not unreasonable to extrapolate from our data and expect that average
concern about a risk will deviate even further fromEV for very | ow
probabilities such as 107°. It should be noted that we abstract from risk
aversion in this discussion for clarity.

Figure 3.1 in Chapter 3 suggests that high probability risks (i.e.,
probabilities > 1) are likely to be well-understood. This is consistent
with experience in the natural hazards area. Wiile it is difficult to get
people to plan appropriately for the 100-year flood which has a probability
of .01, it is relatively easy to get people to respond to warnings of a
hi gher probability such as alerts for inmnent floods, tornadoes, or
hurri canes. (Al'though in such cases it is sonetimes difficult to

comuni cate to people the appropriate action they should take.)
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In summary, the problems of understanding and conmuni cating | ow
probability risks will be very different fromthose of high probability
risks. It is therefore inportant to nmake this distinction in any
di scussion of risk judgments

2.2 Binodality.

The obvi ous next question is what goes wong in judgnments of risks at
| ow probabilities. W believe our research is unique in providing
expl anations of the problens of judgnents of |ow probability risks. Qur
expl anations are based on natural cognitive processes. W were led to
these explanations by discovering that the aggregate picture of Figure 3.1
is very msleading. Figure 3.2 shows the frequency distribution of B/EV
for three probabilities (p = .01, .2, and .9) from our |aboratory
experiments. For p = .9, B/EV has approximately a normal distribution

(note that the x-axis is a log scale) centered about 1, consistent with an

EV nodel. The picture is simlar for p = .2 although the distribution is
more |og-normal. However, the picture is very
different for p = .01 where there is clear indication of binodality. A

si zeabl e proportion of people (about 25% dismss the risk out of hand (as
i ndi cated by bidding zero for the insurance) while another group of people
bid at or substantially above EV. Thus, the high mean for B/ EV for
p=.01in Figure 3.1 obscures the fact that nany people are unconcerned
about the risk. Somewhat paradoxically, for |ow probabilities nore people
are unconcerned about the risk, but those who do not dismss the risk are
much nore concerned, relative to EV

W think the apparent paradox can be explained by two cognitive

processes: editing and anchoring and adjustment. Each individual is
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confronted by so many |ow probability risks that it would be paralyzing if
one attenpted to decide on an appropriate response to all of them Thus, a
useful strategy is to dismss or “edit” risks that one considers to be
bel ow some threshold. For a fixed risk consequence (like the loss in our
lab experinents), editing ought to increase as the probability of the risk
decreases, or, conversely, the fraction of people concerned enough about
the risk to bid for insurance ought to decrease as the probability
decreases. For our data, f*, the fraction of people bidding for insurance
is nmodel ed by
f* = .936 - .002p”"
(152) (13.2)
DF =4  R®=.08

The data and the nodel fit are plotted in Figure 3.3. Cbviously, the
fraction of positive bids falls sharply as the probability falls and the
amount of editing increases.

| f someone doesn’t dismss the risk and therefore is concerned about
the risk, how does that person decide on an appropriate |level of concern?
In our experiments, deciding on an appropriate level of concern is
equi val ent to deciding how nuch to bid for insurance. W think an
anchoring and adjustment process explains the mental steps involved in
generating a number for a bid. To arrive at a bid, individuals focus or
anchor on the loss and then adjust their bid downward to reflect that the
loss will occur only some of the time. A consistent result fromthe
cognitive psychology literature (Poulton, 1968; Tversky & Kahneman, 1974
Lichtenstein, et al. 1978) is that such adjustments are al nost al ways
underadjustnents in that they stay too close to the original anchor. To

model this we assune that people start with the anchor L (the amunt to
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lose if the hazard occurs) and adjust this amunt downward ainming at the
target pL. W further assume a consistent proportional underadjustment
error of B. If the total adjustment ought, according to an EV nodel, to be
(L-pL) then the error will be B(L-pL). In other words, the bid will be
given by
B = pL + B(L-pL).
Di viding both sides by EV = pL yields
BIEV =1 + g(1-p)/p.
Fitting this nodel to the nean bids for those people not editing gives the
foll owing estimates:
B/EV=11+ .023(1-p)/p
(13.3) (11.5)
DF = 4 R* = .97
The intercept of 1.1 is not significantly different fromthe predicted
value of 1 (t = 1.2). The data and the nodel fit are plotted in Figure
3.4.

Surprisingly, the model fit estimates the underadjustment error as only
being between 2% and 3% How can such a snmall error distort responses so
much for low probabilities? For low probabilities the absolute size of the
adj ustnent is large because the | oss serves as the anchor and the distance
between that anchor (L) and the target (pL) will be greatest for |ow
probabilities. As the size of the adjustment required becones bigger so
too does the size of the adjustment error B(L-pL). This absolute
adjustnment error will be especially large when considered relative to pL
the EV target, which will be small for |ow probabilities. Hence
overbidding relative to EV will be especially pronounced, according to the
anchoring and adjustnment nodel, for |ow probabilities
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From subsequent | aboratory experiments it appears that the anchoring
and adj ustnment process may al so apply to those who edit the risk, that is
peopl e who edit actually select O as their anchor and then adjust upward to
reflect the probability and magnitude of the consequence. In such cases,
the target is close to the anchors so adjustnent errors nmay be relatively
very small.

If bimodality were only found in the laboratory it would be of
theoretical but not practical interest. However, we found the sane
bi nodality of risk judgments in our field survey of residents |iving near
the Qperating Industries, Inc. (OI) landfill in California. Figure 4.3 of
Chapter 4 shows the frequency distribution for resident’s subjective health
risk beliefs (again on a log scale). The binpdality is apparent: a |arge
proportion of people essentially dismss the risk by giving an estimte
approxi mately equal to the probability of death from saccharin consunption
whil e others give a nuch higher estinate approximating the risk of death
from snoking a pack of cigarettes per day. W believe those equating the
landfill risk with saccharin consunption are editing and then adjusting
upward froma zero anchor while those equating it with lung cancer from
smoking are adjusting downward from a cancer death anchor. Epidem ol ogi cal
studies and on-site nonitoring of hazardous chemicals fail to reveal any
significant risks at Q1. Thus, those neighborhood residents in the |ow
ri sk node parallel those participants in our |ab studies who essentially
di smssed or edited the risk while those residents in the high risk node
paral l el those lab participants who had an exaggerated concern for the |ow
probability risk. W therefore think that the cognitive processes of
editing and anchoring and adjustment are operating in the field sites.
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When we have presented this research at professional neetings, other
researchers have always conme forward to tell us of similar binodal results
in the area of health risks which heretofore had been puzzling. W are
convinced that it is a ubiquitous phenonmenon

An especially noteworthy aspect of the Ol field study was the
denonstration that the higher the proportion of residents in a neighborhood
who were in the high risk mbde the greater the decrease in property
values. Thus, these subjective risk estimates had a real inpact on
econoni ¢ behavior. Note also that bimdality has inportant inplications
for conmmunity conflict. It suggests there will be tw distinct comunity
perspectives towards |ow probability risks. One group conplains that the
risk is negligible and that all the fuss will only |ower property val ues
whil e the other group cannot understand why the former group only worries
about noney and is not concerned about the deadly risk confronting them
all. Such conflicts are typical of lowrisk Superfund sites. In summary,
when deci di ng how concerned to be about a | ow probability, high consequence
risk, the first decision is whether to give the risk any attention at all
If not, the risk is dismssed or edited and the person has virtually no
concern for the risk. However, if the risk is not edited, in deciding how
concerned to be, the person starts with his or her concern with the
consequence if it were to occur for certain. Then the person adjusts that
concern downwards to reflect the relative likelihood of the risk. This
adjustment will almst always be an underadjustnent. Gven that the
consequence will usually be very extreme (e.g., death from cancer), even a,
slight underadjustnment will |eave the person with a relatively high I eve
of concern. The operation of both editing and anchoring and adj ust ment
processes produces a binodal distribution of concern. As a shorthand in
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the following, we will refer to those people who disniss a | ow probability
risk as being in the “edit node” and to those who are overly concerned as
being in the “concern node."

2.3 Two kinds of Low Probability Risks.

Gven the binodality and the difficulty that people have dealing with
nunmerical risk estimates, especially for very low probabilities, we are
doubtful that any attenpts to communicate precise quantitative risk
estimates will be successful. About the nobst that can be hoped for, in our
opinion, is to get people to have levels of concern in the nore appropriate
mode, realizing that neither node may be accurate. That is, if information
about a new risk is being presented, the conmunication effort should be
directed at getting people in either the edit node or the concern node
depending on whether or not it is inportant to get people to take action.
For existing risks for which there are sone people in each node
conmuni cation mght be directed at nmoving people fromone nmode to the
ot her.

The possibility of noving fromone node to another suggests that there
is an inportant distinction between risk types. The first type is those
risks for which it is appropriate to have comuni cations attenpting to nove
people from the concern node to the edit node. Exanples mght include
Superfund sites where there is a great conmmunity concern but little or no
scientific evidence of a risk. The second type is those risks for which it
is appropriate to have communications attenpting to nove people from the
edit node to the concern node. Exanples might include efforts to get
people to test their honmes for radon gas accumnul ati ons. The commruni cation
strategies will likely be very different for the two kinds of |ow risk

pr obl ens.
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2.4 Determinants of Risk Mode.

Gven the inportance of the two risk nodes, it is necessary to consider
the factors which influence the node in which a person’s risk judgnments
fall. Know edge of those factors will autonatically suggest strategies for
movi ng people from one nmode to another. In this chapter we try to answer
why sone | ow probability risks are generally ignored or edited while others
generate great concern.

A dramatic exanple is presented by honeowners in New Jersey. Even
though their honmes are at high risk of having significant radon gas |evels,
it is extrenely difficult to get homeowners in that area to test for radon,
| et al one make any building nodifications to reduce radon gas
accunul ation.  However, sone of those same homeowners are greatly concerned
about barrels of |owlevel radioactive wastes fromthe forner nmanufacturer
of radium watch dials in a nearby factory. Ironically, some of these
homeowners woul d probably be less at risk if they were to live in a tent in
the storage yard housing the barrels of lowlevel radioactive wastes than
to sleep regularly in their basements.

In this subsection we consider three classes of factors that have been
shown in our research and that of other’'s to influence a person’s risk node:
perceptual cues, consequences, and experience.

2.4.1. Perceptual Cues.

Ri sk judgments are often partly based on perceptual cues. The nore
people are remnded of a risk, the nore likely they are to be in the
concern risk judgment node. For exanple, residents near a landfill may
formrisk judgments based on such cues as foul odors fromthe site, heavy
traffic to and fromthe site, and the presence of chain |ink fences.

Conbined with nmedia attention indicating a possible offsite problemwth

cancer, these perceptual cues may move many residents to have a high
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concern about the risk of living near the site. In contrast, explosive
concentrations of methane gas escaping froma landfill do not possess any
perceptual cues to warn people of the dangers. The gas is odorless,
colorless and tasteless. People depend totally on some form of official
warning to take action. Fortunately, for low probability risks, many
characteristics can be mani pulated so that the public may eval uate such
risks more accurately. In this context it is interesting to note that
natural gas conpanies add an artificial odor to natural gas so that resi-
dents can easily detect the risk if natural gas is leaking in their hones.

Perceptual cues nay be classified according to the five senses of
sight, snell, taste, hearing and touch. O these, visible cues are
probably the nost easily controlled. COften protective neasures
inadvertantly alarm the public to an excessive degree. For exanple,
instead of institutional |ooking chain link fences, hedges could be planted
to make a |ow hazard area nore aesthetic.

O her controllable perceptual cues include snmell and taste. People who
are bothered by odors emanating froma site such as a landfill or chenical
facility are nmore apt to perceive greater risks. For exanple, in Chapter 4
we observe that residents near the Ol landfill were nade fearful by such
odors. Another specific illustration is iron contanination in the Eagle
River fromthe Eagle Mne which resulted in discoloration and poor taste of
drinking water in Vail, Colorado. Local residents were greatly alarnmed and
feared that their water supply had been poisoned even though the iron in
the water was itself non-toxic.

The nedia al so provide nmany perceptual cues through witten or spoken
statements and still or nmoving photographic imges. Qur research at Ol

indicated that frequent exposure to nedia reports about Q1 increased the

i kelihood that soneone would be in the concern npde.
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In summary, the presence of strong perceptual cues noves risk judgnents
to the concern node while the absence of perceptual cues allows risks to be
edited nmore easily. Cearly, a key conponent of any risk conmunication
strategy would be to add or reduce perceptual cues, depending on whether it
was appropriate, respectively, to increase or decrease concern about a
particular risk.

2.4.2. Consequences.

The nature of the consequences, or nore accurately, a person's beliefs
about and characterization of those consequences, are obviously inportant
in deternining the risk mbde. Cdearly, the nore serious and dramatic the
consequences of a risk, the higher will be the anchor in the anchoring and
adj ustment process so the final level of concern will be higher. Slovic,

Fi schhoff, Lichtenstein (1980) have identified a number of inportant
characteristics of risks that cause people to under- or overestimate risks,
or, in our ternms, to be in the edit nmode or the concern node. Mny of
these characteristics pertain to the magnitude and inmagibility of the
consequence. Dreaded risks that are believed to have the potential of
killing many people at one tine in a dramatic event will usually have risk
estimates in the concern node.

One very inportant characteristic of a risk's consequence that will
strongly affect attenpts at risk conmunication is whether people believe
the change in risk is a loss or a gain relative to the status quo. The
differentiation of loss and gain effects is based on Kahneman and Tversky's
prospect theory. As a rough rule of thunb, a loss relative to the status
quo will have about three to ten times the psychol ogical inpact as an
equi valent gain. Going from thinking you are safe to believing you are
unsafe makes people a |lot nore unhappy than going from unsafe to safe makes

peopl e happy. In the context of hazardous wastes, for exanple, informng

residents about an old chemical waste dunp in their neighborhood
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about which they had no awareness will create a great deal of unhappiness
because it is a loss relative to the status quo. Conversely, telling
peopl e who have worried about a known waste site for many years that it is
in fact safe, even if they were to believe it, would not increase their
happi ness much because it is a gain relative to the status quo. This neans
that informng people about new risks and hazards nust be done very
carefully and that informng people about old risks is not likely to have
much i npact.

We believe this distinction between gains and | osses partly explains
the usual disparity between wllingness-to-pay (WP) and
wi | lingness-to-accept (WA) neasures of concern about risks. Fisher,
McC el | and, and Schul ze (1986) review a nunber of studies conparing WP and
WA responses. O particular interest is our Ol study (summarized in
Chapter 4) which found that for closing the site if it were open (again)
people were willing to pay (WIP) only about a tenth as much as they
demanded (WA) to allow the site to reopen (a loss) if it were closed

It is inportant to note that there are at least two inmportant ways in
which a risk could be viewed as a loss relative to the status quo. First
people nmay learn of the probability or possibility of a risk that they
previously did not believe they were exposed to. Second, people nmay |earn
that the consequences of a risk are nore severe than they realized. Either
or both of these will create an exaggerated concern about the risk

2.4.3. Experience.

The ampunt and nature of prior experience with the risk is an inportant
determ nant of whether a person will be in the edit or concern risk node
Research by Slovic et al. (1980) and others has shown that risks that are

famliar, well-known to science, and with which we have had lots of benign

experience are nore likely to be edited while risks that are unfanmliar,

-30-



not well understood by science, and with which we don't think we have had
beni gn experiences are nore likely to generate high levels of concern. For
exanpl e, alnost everyone, even those who have had autonpbile accidents, has
had numerous benign driving experiences. Hence, the risks of autombile
driving tend to be underestimated or edited, resulting in the underuse of
seat belts. On the other hand, people who have not flown rmuch, if any,
have not had beni gn experience with airplanes and therefore tend to
overestinmate the dangers of air travel

In our laboratory studies we have been able to take a close look at the
ef fect of experience on risk node. In several studies we have |ooked at
the concern (as reflected in bids for insurance) about a | ow probability
ri sk when people are exposed to many rounds of the risk (either 50 or 150
rounds). Figure 3.10 in Chapter 3 shows a 50 round experinent where the
concern node steadily decreases with benign experience until the risk
occurs on the 33rd round. At that point, there is a sharp drop in the
proportion in the concern node reflecting the ganbler’s fallacy that a | ow
probability event is less likely to occur on the next round because it
occurred on the previous round. But then for succeeding rounds the nunber
of people in the concern node grows as fewer and fewer people fee
confortable in editing the risk. Note that there is not a corresponding
sharp drop in the average bids for those bidding after the first risk event
at round 33. This suggests that the effect of experiential variables such
as benign experience and the ganbler's fallacy are nmobre inportant in
deternmining whether soneone edits or not than in determning the actua
l evel of their concern

The three factors that influence whether a person is in the edit or
concern node can explain the ironic, paradoxical response of those
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homeowners in New Jersey. They have all had lots of benign experience
living in their homes; it is hard for themto imagine that they will be
harmed in their own homes and that it will be their home that does the
harm Deaths fromthe radon gas risk will be undramatic and difficult to
attribute to radon. Al so, there are no perceptual cues because radon gas
is invisible, odorless, and tasteless. Hence, the radon gas risk is
underesti nat ed, probably seriously underestimated because so nany peopl e
edit the risk. On the other hand, residents are likely to believe,
falsely, that the radioactive barrels mght explode and wi pe out the

nei ghborhood in a dramatic event; the well-known radioactivity sign
provides a perceptual cue; residents are also unaware of their benign
experience living with this risk; and they don't think that the

radi oactivity is well understood by scientists. Hence, it is a risk that

wi |l be overestinated.
Sunmary.  Qur basic nodel is that perceptual cues to the risk, the risk

consequences, and experience with the risk determ ne whether people disniss
or edit the risk. If they edit the risk, they will show little or no
concern for the risk. If they don't edit, then an anchoring and adjustment
model describes how people arrive at their level of concern for the risk.
Anchors will generally be the consequence of |oss, and adjustnents downward
fromthis anchor to reflect the low probability will alnost always be
underadj ustments resulting in an exaggerated level of concern. The
operation of the editing and anchoring and adjustnment cognitive processes
results in a binpdal distribution of concern levels for |ow probability,

hi gh consequence risks. The best that may be hoped for in risk

comuni cation is to nove people to either the edit or concern node,

dependi ng on which nmode is closer to the appropriate |evel of concern for

that risk.
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2.5 Changi ng Responses to Low Probabilities.

The literature review and especially our own research suggests that the
primary problens in risk conmunication involve |ow probability, high
consequence situations, which are typical of many Superfund sites. In this
subsection we describe some prelimnary research which suggests sone
strategies for changing responses to low probabilities. The studies
reported here are indeed prelimnary and do not yet warrant their own
separate technical reports or chapters in this report.

2.5.1 Changing Low to Hi gh Probabilities.

Qur research and that of others suggests that although peopl e have
difficulty understanding the inplications of |ow probabilities for
appropriate behavior, they have little or no difficulty with noderate to
high probabilities. One way to change an apparent |ow probability of risk
on annual basis to a nmoderate probability is to change the focus from an
annual basis to a longer period such as a lifetine basis. For exanple, for
an annual risk of .01, the risk for a 70-year lifetinme would be 1-(1-.01)7°
= .51. Qur research presented in Chapter 3 suggests that while people
woul d have difficulty understanding the .01 annual risk they m ght be
better prepared to understand the .51 lifetime risk. Slovic, Fischoff, and
Lichtenstein (1978) report suggestive evidence that such a lifetime focus
increases willingness to use autonobile seat belts.

To test this idea nmore rigorously, we have nodified the experinenta
procedure used in Chapter 3. Participants were told that the probability
of loss on any given round was .01 but that the probability of at |east one
| oss during 25 rounds was approximtely .22. Participants were then given
the opportunity to bid for an insurance policy that would protect them

against a loss for the entire 25 rounds. After the first block of
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25 rounds (in which no loss was experienced), they had the opportunity to
bid for a second insurance policy that would protect them against a | oss
for the second block of 25 rounds. For conparison, the round-by-round bids
of a different group of participants were sumred across each bl ock of 25
trials. In the first block of 25 rounds, for those bidding round-by-round
mean BIDPEV = 6.5, consistent with our earlier studies; however, for those
bidding for a block of 25 rounds nmean BID/EV was only 0.86. For the second
bl ock of 25 rounds the respective neans were 8.5 and 0.63. Thus, even

t hough the objective risk situation was identical for both groups of
participants, changing the focus fromround-to-round to bl ocks of 25 rounds
dramatically changed behavior, as expected fromour nodel, in a direction
towards EV. Sonewhat surprisingly, nany participants were substantially
bel ow EV indicating that the proportion editing (or nore |ikely anchoring
on zero) increased with the block-of-25 focus. Figures 2.1 and 2.2 display
the conparison of the frequency distributions of BID EV. The bl ock-of-25
focus shifts the entire distribution downward, note especially that
extrenely high bids (relative to EV) are elimnated by the bl ock-of-25
focus.

Qur results , consistent with Slovic, et al. (1978) suggest that an
effective strategy in communicating |ow probability risks is to use a |ong
enough focus so that the probability will be at an understandable |evel
For annual risks on the order of 107> and maybe even 10~%, a lifetine focus
m ght be useful or other tinme frames such as the “length of your nortgage.”
Unfortunately, this strategy will not work for risks of 107" or | ower
because even the lifetine risk is not in a range of probabilities that npst
people will be able to understand. One possibility mght be also to change
the focus fromthe individual to the famly or community. For exanple, for
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Frequency

FIGURE 2.1

FREQUENCY DISTRIBUTIONS OF BID/EV FOR
ROUNDS 1-25

Block Bids

0 3 5 1 2 5 9 18 37 75
BID/EV

Round by Round Bids

30

20 4

0 .3 5 1 2 5 9 18 37 75
BID/EV ’
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FIGURE 2.2

FREQUENCY DISTRIBUTIONS OF BID/EV FOR
ROUNDS 26-50

Block Bids

30

0 .3 5 1 2 5 9 18 37 75
BID/EV
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Frequency

FIGURE 2.2
(CONTINUED)

FREQUENCY DISTRIBUTIONS OF BID/EV FOR
ROUNDS 26-60

Round by Round Bids

30

0o .3 5 1 2 5 9 18 37 75
BID/EV
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an annual risk of 107", the probability that over a lifetime at |east one
menber of a famly of four will suffer the risk is much nore understandabl e
than the annual risk. Simlarly, in a neighborhood of 100 people, the
probability that at |east one person would suffer the risk over a lifetine
woul d be approximately .5. The neighborhood should be able to understand
the .5 probability and respond appropriately. However, this is a
specul ative concl usion and should not be inplenented until nore research on
the effects of changing focus have been conducted

Section 2.4 reviewed the findings on determnants of risk node--those
factors which influence whether people disniss particular |ow probability
risks or develop a high level of concern about them It is natural to |ook
to those factors for potential nechanisns for changing responses to | ow
probability, high consequence events. W consider each of the three types
of determnants in turn

2.5.2 Perceptual Cues.

The perceptual cues about a hazard such as a Superfund site are just as
inmportant a part of the risk conmunication process as any of the fornal
i ntended messages sent to neighborhood residents by public officials and
the nedia. Thus, it is critically inportant that as nuch as possible the
perceptual cues are consistent with the actual |evel of risk. Too often
at sites with very low risk levels, perceptual cues such as high chain link
fences, danger signs, and odors send a nessage inconsistent with the actua
risk. On the other hand, if people are not taking sufficient precautions
near a Superfund site, it would be advisable to increase the perceptua
rem nders about the hazard. It would be interesting to test these notions
about changi ng perceptual cues in the |aboratory but we have not yet had

the opportunity to do so.
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Cutter (1987) has analyzed the case histories of the evacuation
response for several |arge accidental airborne toxic releases such as the
derailment and chlorine release at Mssissauga, Ontario in 1979. She too
points to the inportant role of perceptual cues in citizen judgnments of
risk. Those residents who have perceptual cues about an accident (see
snmoke, hear an explosion, snmell unusual odors, see and hear energency
equi pnent, etc.) are easy to evacuate; in fact, those residents often
evacuate before asked to do so. On the other hand, those residents who
live close enough to be in danger but far enough away so that perceptua
cues are weak or nonexistent are often very reluctant to evacuate even when
ordered to do so by uniformed policy officers. Cutter worries that
sonetinmes residents over-respond to perceptual cues that night cause panic
and suggests that efforts be nmade to bring perceptual cues into line with
the actual risk as nuch as possible.

2.5.3 Consequences.

How citizens view the potential consequences of a risk event is an
important determinant of the magnitude of their response. As noted above
of particular inportance is whether a change in risk is viewed as a gain or
a loss relative to the status quo. Sometimes it is possible to present
risk information in a form that suggests a reference frame. For exanple,
McNei |, Pauker, Sox, and Tversky (1982) asked both physicians and patients

to choose between two treatnments: an operation involving sone risk of
perioperative death and a | ess effective treatnent not involving an
operation. For half the people the probability was expressed in terns of
dying (e.g., 5 out of 100 will die); for the other half the probability was
expressed in terns of living (e.g., 95 out of 100 will live). Even though
the risk was the same, both physicians and patients nore often selected the
ri sky operation when its risk was expressed in terns of the nunber living
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instead of the nunber dying. In a sinmlar study involving the risks of
oral contraceptives, Halpern, Blackman, and Sal zman (1986) presented wonen
with the same risk information expressed in these two forms: In the age
group 15 to 34 it has been estimated that, in general, about 99991.7 out of
every 100,000 women who use oral contraceptives will not die of circulatory
di sorders each year; whereas, for nonusers the rate is about 99998 out of
100, 000 each year who will not die of circulatory disorders. |In the age
group 15 to 34 it has been estimated that, in general, about 8.3 out of
every 100,000 wonmen who use oral contraceptives die per year; whereas, for
nonusers the rate is about 2 out of every 100,000 per year. Wnmen who
received the first communication judged that oral contraceptives were |ess
risky than did the wonen who received the second conmunication. These
studi es suggest, therefore, that expressing risks at a Superfund site in
terms of the probability that there will not be an accident or the
probability that no one will be hurt by the site is likely to generate

| oner levels of concern than expressing those risks in terns of the
probability that there will be be accident or that someone will be hurt by
the site.

Some prelimnary |aboratory experinents we have conducted suggest that
reference franes (viewing sonething as a loss or a gain) may change with
tine. We made a slight nodification of our standard procedure (see Chapter
3, for a conplete description of the standard procedure) so that instead of
buyi ng insurance for a low probability, high consequence risk, participants
were given insurance with the opportunity to sell it back to the
experimenter. That is, the procedure was changed from willingness-to-
pay (WIP) to willingness-to-accept (WIA) or conpensati on demanded (CD). On

early rounds sone participants demand very high prices for their insurance

but in later rounds suddenly switch to much |ower prices nore consistent
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with the expected value of the insurance. Qur hypothesis is that they
initially adopt the frane that they have the insurance policy, a valuable
commodity, and that to give it up will be a loss. Hence, they demand a
high anount for their insurance. But we buy back the insurance only from
the four (out of eight) |owest bidders so those denandi ng high anounts keep
their insurance. They then conme to view the noney that others are getting
for selling their insurance as noney that they thenselves could have had
hence, the noney not obtained becones viewed as a |oss. From this new
frame or perspective, participants then quickly lower their offering prices
so as not to niss out on the noney from the experinenters.

It is possible that reframing of gains and losses simlar to our
| aboratory studies might take place in the context of a Superfund site
For exanple, consider people living near a site who are so concerned about
possi bl e water contamination that they use bottled water exclusively. As
they see that no problens are occurring to their neighbors who are not
engaging in such averting behaviors, they may come to see their own extra
efforts as a loss. Simlarly, if a lot of noney were spent on a detection
and warning equipnment by a nmunicipality and a problem never naterialized
that nmoney and any future expenditures would likely be viewed as a |oss.
However, this remains an interesting speculation that ought to be tested
enpirically.

2.5.4 Experience.

Wth respect to exaggerated concern about a risk and comrunity conflict
about the level of a risk, the aphorismthat "time heals all wounds” does
appear to apply. Wth tine, as long as the risk remains a potential risk
and nothing happens, concern about the risk will generally decrease. The

operating nmechanismis of course not tinme; instead, the reduction in risk
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judgnents is probably due to increasing famliarity. |If so, this suggests
that an anelioration strategy is to increase comunity fanmiliarity with the
Superfund site. Thus, in those cases where it was safe to do so, someone
ought to conduct tours of a site so that people can becone nore faniliar
with the situation. In such cases, people's worst inmginations are al npst
al ways worse than the actual fact so becoming nore fanmiliar with the risk

al rost al ways reduces their level of concern.
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CHAPTER 3: AN EXPERI MENTAL STUDY OF

FACTORS AFFECTI NG RI SK BELI EFS

3.1 Introduction

Psychol ogi sts have docunmented many systematic deviations in behavior
fromthat predicted by the expected utility nodel. Mich of this evidence
has been generated in experiments in which subjects have been asked what
their behavior would be in response to hypothetical situations (see, for
exanpl e, Lichtenstein and Slovic, 1971; Slovic et al., 1977; Kahneman and
Tversky, 1979; Tversky and Kahneman, 1974, 1981; Abelson and Levi, 1985).
Based on these experiments, psychol ogists have argued that errors in
deci sion making under uncertainty arise from the inproper application of
intuition or sinplifying rules of thunb (heuristics), from the inproper
consi deration of factors irrelevant to the decision (framng or context
effects), and from errors in reasoning about probabilities. Such errors
may play a dominant role under sonme circunmstances such as those found at
Superfund sites.

Econonists have also conducted |aboratory experinents exploring
behavi or under uncertainty. Results of these experinents, while in part
confirmng deviations from the expected utility nodel (e.g., Gether and
Plott, 1979), suggest that when individuals nake repeated choices in a
mar ket environment the expected utility nodel is "not universally
m sl eadi ng” (Plott and Sunder, 1982, p. 692). Econonic experinments
general ly use actual cash paynments, induce values (control the value to the
subject of the commdity used in the experiment so it is known with

certainty to the experimenter (Smith, 1976), and enploy nmany repeated
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trials to allowindividuals to practice and becone familiar with the narket
institution (e.g., Coppinger, Smith and Titus, 1980; Smith, WIIians,
Bratton and Vannoni, 1982; and Coursey, Hovis and Schul ze, 1986).

One principal focus of experimental econonics has been an examni nation
of the efficiency and Pareto optimality properties of market institutions.
Since Pareto optimality by definition is an idealized rational outcone,
experimental econonists have been concerned with finding institutions which
tend to produce rational behavior. This focus contrasts substantially with
the objective of many experinents, conducted by psychol ogists, that have as

their objective the detection of situations where deviations fromrational

behavior will occur.

This chapter presents results of two experiments that attenpt to
integrate these separate lines of research conducted by econonists and
psychol ogi sts to understand behavior at |ow probabilities. To this end,
our experinental design and our analysis follow procedures and enpl oy
concepts drawn from both cognitive psychology and experinental economnics.

The aimis to collect a body of evidence which mght help in
interpreting the enpirical study of a Superfund site presented in Chapter
4, This study suggests that for |ow probability, high loss events, large
deviations from rational behavior are likely to occur. For exanple,
past studies of flood and earthquake insurance (Kunreuther, et al., 1978)
and of the value of avoiding exposure to hazardous substances (Burness et
al., 1978 and Smith and Desvouges, 1986) all suggest deviations from
rationality. Such studies docunent a difficult and as yet unresolved
policy dilemma. In some cases, such as hazardous wastes, many individuals
seem to place inexplicably large values on avoiding risks. Yet in other
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cases, such as floods or earthquakes, many individuals refuse to insure
against objectively sinilar or even greater risks. While it is difficult
or inpossible to replicate the high |oss nature of such events in the

| aboratory, it is possible to explore a range of risk to see if behavior at
relatively Iower probabilities is in sonme way different from behavior at
relatively higher probabilities.

Final 'y, considerable controversy has surrounded the use of
hypot heti cal as opposed to actual responses fromindividuals. Thus, the
experinments were al so designed to collect both hypothetical and actual data
i nvol ving cash purchases of insurance. Hypothetical values were obtained
both before and after individuals had actual repeated market-like
experience so that the effect of experience on the accuracy of hypothetical
responses could be assessed.

In interpreting results such as those reported here, there is always
some question about how well responses to laboratory risks generalize to
real risks posed by a Superfund site. Although the precise responses nmight
not generalize there is good reason to expect that the cognitive processes
underlying the responses wll generalize. That is, while it may not be
possible to predict from |aboratory studies the proportion of people who
edit or the amount by which peopl e underadjust froman anchor or the degree
to which they are susceptible to the ganbler’s fallacy, it is alnost surely
true that the cognitive processes of editing, anchoring and adjustment, and
the ganbler’'s fallacy will be evident in people’ s responses to a Superfund
site. It is unreasonable to presune that people in enotionally-charged
situations attenpting to deal with real risks will suddenly have access to
cognitive processes to aid themin their decisions that they do not have
access to in the relative calmess of the laboratory. It is our view that,
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| aboratory. It is our view that, if anything, the decision nmaking problens
identified in the studies reported here are likely to be exacerbated when
people confront risks outside the |aboratory.

3.2. Experimental Design

3.2.1 Theoretical Issues

This section devel ops the theoretical basis for the detailed
experimental design presented below. In contrasting expected utility
theory (EUT) with nodels fromcognitive psychol ogy, we draw strongly on the
formalized theoretical structure developed by Kahnenman and Tversky (1979)
which they term prospect theory (PT). PT has been evolving over the |ast
decade and we apply the | abel broadly to include several extensions of the
model

In general, our experinments were conducted as follows: each subject

is given the opportunity to make a bid of B dollars for insurance against a
possible loss of L dollars that occurs if a red chip is drawn. The
probability of drawing a red chip is given as p. If a white chip with a
stated probability of 1-p is drawn, each subject is rewarded with a gain of
G dollars. The gain is included in part to finance successive trials. If
a subject has an initial wealth of Y° dollars and utility is a function
U(Y) of wealth Y, then, according to EUT the expected utility of the
situation described above without purchase of insurance is
(3.2.1) pU(Y?-L>+(1-p) Y Y°+GQ
and the expected utility with purchase of insurance is
(3.2.2) pU(Y°- B) +(1- p) W Y°+G B) .
The nost that an individual should pay for insurance can be obtained by
setting (3.2.2) equal to (3.2.1) and solving for the bid, B. The notion

here is that individuals will only be willing to increase the bid to the

point that the expected utility with insurance falls to the |evel of
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of expected utility wthout insurance. Since the loss and gain used in the
first experiment ($4 and $1, respectively) are snall relative to wealth,
EUT would inply that it is reasonable to suppose that changes in wealth are
constrained to an approximately linear segment of the utility function.
Thus, a linear approximate utility function
(3.2.3) U(Y)=U(Y°)+U" (Y°)-aY where AY=Y-Y°
may be substituted into (3.2.1) and (3.2.2) without |loss of generality. If
(3.2.1) and (3.2.2) are then set equal, the bid for insurance solves as
(3.2.4) B=p-L.
Thus, the bid is equal to the expected value of the loss (EV). Since, as
not ed above, Vickrey auctions have been shown to be strongly demand
revealing, we would expect bids to be equal to EV or at least normally
distributed around EV for a | arge range of probabilities if EUT is a good
predi ctor of behavior.

Wil e maintaining the |inear weighting of EUT, prospect theory nakes
two nodifications. First, the utility function is replaced with a rather

different value function. Second, the probabilities are replaced by a

wei ghting function which depends on the probabilities.

PT postulates that individuals are assumed to care only about relative
changes fromtheir current wealth position and to dislike a loss in wealth
much nmore than they enjoy an equivalent gain. Thus, according to PT the
value function is not an argument of wealth, but rather of changes in
wealth, AY. Further, the value function v(AY) has the properties that
v(o)=0, the left hand derivative v'(o)” exceeds the right hand derivative
v'(o)* at the origin, and that both derivatives are positive, so
v'{0) ™ >v'(0)*>0. As we show below, the value function likely plays no role
in the structure of our experiment, but it has been introduced by cognitive
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psychol ogi sts because many individuals seemto nmake errors in judgment
because they reason in relative rather than absolute terns and show i ntense
aversion to perceived |osses.

The weighting function w(p) of PT overweights small probabilities
(n(p)>p), underweights |arge probabilities (m(p)<p) and shows subcertainty
(m(p)+n(1-P)<1). The subcertainty feature inplies that when a certain
outcone is conmpared to an uncertain prospect, the prospect will be
underweighted relative to the certain outcome. This attribute of the node
adj usts for the observation drawn from psychol ogy experinments that
i ndividuals seemto be biased towards certainty. Simlar probability
wei ghting functions have been proposed by Handa (1977) and Kar markar
(1979).

G ven PT as described above, the value of the prospect posed by the
experinental situation wthout insurance would be given by
(3.2.5) T(p)v(-L)+w(1-p)v(G)
and the value of the situation with insurance would be given by
(3.2.6) v(=B)+w(p)v(o)+7(1-p)v(G).

Note that (3.2.6) is not witten as w(p)v(-B)+n(1-p)v(G-B). This is
because subjects nust first pay for insurance, a certain loss which is
valued as v(-B) and inplicitly weighted with unity. After this adjustnent,
subj ects face a nodified prospect of m(p)v(o )+w(1-p)v(G) which is
under wei ghted since wm(p)+w(i1-p)<1, reflecting a bias against uncertainty
central to PT

To obtain the bid for insurance, the two expressions (3.2.5) and
(3.2.6) are set equal. This algebraic manipulation is specifically
legitimzed by cognitive psychology in the following way. The node

presented here can be interpreted as a mental representation that
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that describes how individuals decide how nuch to bid for insurance. Thus
subjects in the experinment will note that the gain of Gdollars will occur
with or without purchase of insurance. This inplies that w(1-p)v(G) may be
cancel led from (3.2.5) and (3.2.6), that is, the gain can be ignored in the
decision process. If an individual has insurance, a red draw causes no

| oss, so the term w(p)v(o) may be dropped from (3.2.6) since v(0)=0. ‘pjg

| eaves a conparison of the certain | oss associated w th purchasing

i nsurance which is valued as v(-B) with the uncertain |loss associated with
drawing a red chip which is valued as w(p)v(-L). Thus, we arrive at
(3.2.7) v(-B)=n(p)v(-L).

Since the value functions on both sides of (3.2.7) evaluate small decreases
in income, -B and -L, respectively, a linear approximation of the value
function is appropriate so, for decreases in incone (AY<0) we have

(3.2.8) v(aY)=v(0)+v' (o) -AY=v' (0)7-AY

since v(o)=0. Substituting (2.8) into (2.7) yields

(3.2.9) B = =(p)L

and therefore the bid is equal to the weighting function times the |oss.
Thus, bids for insurance against a small loss wll, according to PT

involve the weighting function but not the value function. Individuals can
be thought of as recognizing that they nust choose between two snal

losses: a sure one of B dollars and an unsure one of L dollars. W wll

di scuss a possible mental process for arriving at this bid later.

In analyzing the data from the experinents we can evaluate the
predictions of of relative to those of EUT by dividing the actual bids
obtained in the experinent by EV which is a known constant, pL, for any
stated probability, P, and loss, L. If PT is taken as the basis of
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analysis, dividing (3.2.9) by EV yields
(3.2.10) B/EV=m(p)/p.
G ven the assunptions on the weighting function (relative overwei ghting of
| ow probabilities) B/EV should be greater than unity for snal
probabilities, and B/EV should be less than unity for larger
probabilities. Thus, our experinental design focuses on the values of B/EV
over alternative probability levels. |f the frequency distribution of
i ndi vidual values of B/EV at all probability levels is normally distributed
around unity, then bids should closely correspond to EV and EUT woul d be
supported by the data. However, if the frequency distribution of
i ndi vidual values of B/EV is not normally distributed around unity, some
alternative, such as PT, is likely to be the nore appropriate theoretica
structure.

3.2.2 The Structure of the Experinent

Each experimental session enployed eight student volunteers recruited
from undergraduate econonmics classes at the University of Colorado. Five
experimental sessions (total of 40 participants) provide data at
probabilities of .01, .1, .2 and .4 while three experinmental sessions
(total of 24 participants) provide data at probabilities of .6 and .9. No
student participated in nore than one session. Subjects received a $5
guaranteed payment for participating. In addition, they were given a $10
stake at the beginning of the five |ower probability experimental sessions
and a stake of $65 at the start of the three higher probability
experinental sessions. They were allowed to keep any of the stake
renmai ning and any gains at the end of the experiment. Subjects were
assured that even if they lost all their stake, they would still receive

the $5 paynent.
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Qver vi ew. In the course of the five |lower probability experinenta
sessions, each participant nmade a total of 51 bids to purchase insurance in
the following risky situation which was fully described to the
participants: A chip is to be drawn froma bag containing R red chips and
W = 100-R white chips. |[If a white chip is drawn, each participant receives
$1. If a red chip is drawn, those having insurance |ose nothing but those
without insurance |ose $4. Before being placed in the bag, the stacks of
chi ps were displayed on a table in front of the participants so they woul d
have a nore concrete representation of the specific probability Ievels.

The four values of R used in each session were 1, 10, 20, and 40
corresponding to p = .01, .1, .2, and .4, respectively. The particular
value of R being used was always nmade explicit before each bid. The tota
of 51 bids consisted of two basic types: hypothetical bids (7) and Vickrey
auction bids (44). The nmethod used for obtaining each bid type is

descri bed separately bel ow and then the sequence of the bid types is
described. In the three higher probability sessions an identical situation
was enployed where, however, R was equal to 60 and 90 corresponding to
probabilities of .6 and .9, respectively. Three hypothetical and 20 actua
bids were collected from each subject.

Hypothetical Bids. Two types of hypothetical bids were collected

i nexperienced and experienced. For the inexperienced hypothetical bids
the risky situation was described to subjects as hypothetical and they
were asked how much they would hypothetically pay for an “insurance policy”
whi ch woul d offer full protection against the $4 | oss associated with the
draw of a red chip. Subjects wote their bids on paper. These

i nexperi enced hypothetical bids were neant to be conparable to the types of
responses obtained in many psychol ogy experinments (for exanple, Slovic &

Liechtenstein, 1968).
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To obtain the experienced hypothetical bids, subjects were asked the
same hypot hetical question after they had had experience with the Vickrey
auction and with the drawing of chips for other probability |evels.

Subj ects entered their bids on conputer termnals in the same manner as
described below for the Vickrey auction.

Vickrey Auction Bids. A Vickrey (1961) auction determ ned who received

i nsurance on each round. Subjects read witten instructions, heard an oral
expl anation of the auction procedure, and were given an opportunity to ask
questions. After the appropriate number of chips were displayed and placed
in the bag, the eight subjects in each session entered bids on a conputer
termnal for one of four insurance policies sold in each round. The
termnal also displayed the current conposition of the chip bag. The
comput er accepted bids between, inclusively, 0 and the subject’s current
balance in units of one cent. After everyone had entered a bid, the
computer rank ordered the bids from highest to |owest and displayed the
"reigning price"--the fifth highest bid for insurance--on each subject's
termnal screen. Only the four subjects with bids above the reigning price
received insurance. In the case of ties for the fourth highest bid,

remai ning insurance policies were randomy allocated among those with tied
bids. Those receiving insurance were only required to pay the reigning
price. This represents the key feature of the Vickrey auction and is
intended to elimnate the incentives for strategic behavior that are
present in auctions in which individuals must pay exactly what they bid.
After each auction, the conputer displayed the original balance, the
reigning price, whether or not insurance had been received, adjustnents to

the balance, if any, and the new balance. OQher than the reigning price,
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subjects received no information about the bids of other subjects.

Term nals were arranged so that no subject could see the term nal of any
ot her subject and subjects were not allowed to talk with each other. At

t he beginning of the experiment subjects participated in four practice

bi ddi ng rounds which did not affect their balances in order to famliarize
them with the procedures used in the Vickrey auction.

G eat care was taken to avoid the use of any judgnental words in the
witten and oral instructions. This is in contrast to sone previous
experiments using the Vickrey auction which have used “wi nners” to
designate those who have received insurance. The use of such words m ght
artificially increase the subjective value of holding insurance above its
val ue as protection against the | oss associated with the draw of a red
chi p.

Ri sky Event. After the auction and distribution of insurance, the
experinmenter reached into the bag of chips, stirred the chips noisily to
reinforce beliefs of randommess, and drew a chip fromthe bag so that all
subjects could see its color. Another experimenter entered the color of
this chip at a control termnal so that the appropriate adjustments--$1 to
all if awhite chip was drawn and $4 | oss to those w thout insurance if
a red chip was drawn--could be made to the subjects’ bal ances and displ ayed
on their termnals. To allow pooling of data across sessions and to ensure
that all subjects received the same probabilistic experience, the draw ng
was controlled (the different colors of the chips were distinguishable by
texture as in Phillips and Edwards, 1966, and nany simlar psychol ogy

experiments) according to the follow ng sequences: *!

Subj ects were chosen and sessions were arranged so that communication
bet ween subjects participating in different sessions outside of the
| aboratory was unlikely. In fact, the supposedly random draws were
never questioned by subjects. Rather, subjects were suspicious that
the computer run auction was rigged.
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Experi ment al Probability Sequence of Chips
Sessi ons Level (W white R= Red)
p=.01 WWWWWWWWWW
Lower p =.10 WWR WWWWWWW
Probabilities |p = .20 WWR WWWR WWW
p = .40 WR RWWWR WWW
H gher p = .60 RWRRWWRWRR
Probabilities [p = .90 RRRWRRRRRR

Sequence. The different conponents of the experinment were presented
and data were obtained in the following fixed order in the | ower
probability experinental sessions:

I nexperi enced Hypothetical Bids at p =.2, .1, .01, and .4

Vi ckrey Auction Practice Bids, 4 rounds at p = .2

Vi ckrey Auction Binding Bids, 10 rounds at p = .2

Experienced Hypothetical Bids at p = .1

Vickrey Auction Binding Bids, 10 rounds at p = .1

Experienced Hypothetical Bids at p = .01

Vickrey Auction Binding Bids, 10 rounds at p = .01

Experienced Hypothetical Bids at p = .4.

Vickrey Auction Binding Bids, 10 rounds at p = .4.
In the higher probability experimental sessions the following fixed order
was used:

I nexperienced Hypothetical Bids at p = .6 and .9

Vi ckrey Auction Practice Bids, 4 rounds at p = .6
Vi ckrey Auction Binding Bids, 10 rounds at p = .6
Experienced Hypothetical Bids at p = .9

Vi ckrey Auction Binding Bids, 10 rounds at p = .9
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The fixed order of probabilities makes it inpossible to have
experienced hypothetical bids for p = .2 and p = .6 because these were
always the first probability levels presented in the sequence of actua
aucti ons.

3.3 Results

3.3.1 Overview

Summary statistics describing results of the experinment are presented
in Figure 3.1. This figure depicts nmeans of bids pool ed across rounds
di vided by expected value, B/EV, plotted against probability of loss. As
noted in Section 3.2.1, we normalize bids for insurance by dividing by
expected values so we can directly conpare results at different probability
levels with each other and with the predictions of EUT. According to EUT
we woul d, of course, expect nean measures of B/EV to equal unity. Note
that, at probabilities of loss of .2 and above, mean B/EV is close to
unity. However, at the |ower probabilities of .1 and .01, EUT fails to
predi ct observed values. The nean bid rises to about two and one-hal f
times EV at a probability of loss of .01. Thus, on average, individuals
overbid for insurance at low probabilities. This result at |ow
probabilities is entirely consistent with the predictions of PT and can be
interpreted as a direct consequence of the weighting function. From
equation (3.2.10), PT predicts B/EV = w(p)/p which should exceed unity for
small p since it is assumed that w(p)>p in this case. Mean auction val ues
do not necessarily support PT at the higher probabilities (.2 and above)
since PT argues that w(p)< P for large P which inplies B/Ev<l. However, it
shoul d be noted that PT only predicts small underbidding at higher
probabilities for the specific weighting functions typically proposed, so
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we doubt that these data support a rejection of PT at higher
probabilities. Rather, EUT and PT are simlar in their predictions at
hi gher probabilities for the case of insurance against |oss.

To attenpt to understand the source of the l|arge deviation from EUT
that apparently occurs at |low probabilities, we turn to a detailed analysis
of the frequency distribution of B/EV. Figure 3.2 presents frequency
di stributions pooled across trials for auction values of B/EV at
probabilities of loss of .9, .2 and .01. Since the frequency distributions
for B/EV at probabilities of .1 and .4 are sinmlar to that shown for .2
and since the distribution for .6 is simlar to .9, only three
distributions are presented. Also, since the variance increases greatly at
| ower probabilities a logarithmic horizontal axis is used to allow
conparisons across probabilities. The approximte mdpoint value of B/EV
for each bin is shown under the bar representing the frequency of bids
falling within the bin.?2

The nost striking feature in the top panel of Figure 3.2 is the
pronounced birmodality of the distribution of bids which occurs at a
probability of loss of .0l1. Mre than 25 percent of the bids in the sanple
are equal to zero, formng a | ower node. The distribution of positive bids
on the logarithmc scale is approxinmately normal, thereby inplying a
| og-normal distribution of the positive bids. The two nmbdes suggest that

two different cognitive processes may be operating at |ow probabilities.

Bins were chosen as follows: The largest values of B/EV obtained in

the experinent were equal to 50 and occurred at p=.01. A logarithmc
scale was created by successive halving of this value. Thus, bins were
created for values of B/EV <50 and >25, <25 and >12.5, <12.5 and >6. 25,
<6.25 and >3.125, <3.125 and >1.5625, <1.5625 and >.78125, <.78125 and
>. 390625, <.1953 and >zero. A separate bin was provided for zero

bids. TheTounded geonetric neans of the end points of each of the

bins are shown along the horizontal axis of Figure 3.2.
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The first process, editing, occurs when individuals dismss the risk
and bid zero. The editing process is generally necessary since no
deci si onmaker can explicitly consider every possible risk, no matter how
smal |, givdecision maker a finite time constraint on the decision process. Some rule
of thumb or heuristic nust be used to decide which risks are worth
considering nore carefully. Examination of the |ower two panels in Figure
3.2 shows that the nunber of zero bids falls sharply as the probability of
| oss increases from .01 to .2 and .9. Thus, editing seens to depend on
probability of loss in this experiment (where the loss is held constant).

The second process, anchoring and adjustment, attenpts to explain the
mental steps that individuals use to generate positive bids. The first
step is, of course, the judgnent not to edit, i.e., that the risk is worth
considering. Second, individuals focus (anchor) on the loss, $4.00, and
attenpt to adjust the |oss downward to account for the fact that the |oss
will occur only some of the time. Thus, for exanple, with a probability of
loss of .1, subjects may be viewed as going through the follow ng nenta
iterations

Exanpl e

“Should | bid $4.00? No, the loss will not occur all the tine so
insurance is not worth that nuch. Should I bid $2.00? No, this
still seems to be too high a proportion of $4.00. Should | bid
$1.00? Maybe. Should I bid $.50? Maybe. | think $.50 is
probably closer than $1.00 to the proportion of $4.00 which
represents the value of the risk of loss so | guess that will be
my bid.”
Note that EV is $.40 in this case and, in the exanple above, the

adj ustment process has generated a bid which is quite appropriate

However, nmany subjects are likely to “guess" $1.00 since the intuitive

process used in the exanple above is not highly accurate. That is,

individuals may not engage in formal mathematical calculations in arriving
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at their bids. Further , since the process starts from the loss and, at
| east for the average individual, works downward, any error is likely to
produce an upward bias in bids in that the adjustnment process is likely to
fall short as has been denonstrated in many studies of the anchoring and
adjustnment process. As is evident in examning the bottom panel in Figure
3.2, although the mean bid at p=.9 is near EV (B/EV =1 in the figure) the
variance is very large. Thus, sone individuals adjust too far down while
ot hers m stakenly adjust upwards fromthe | oss producing bids greater than
the loss. A so, the distribution of bids is essentially normal (as opposed
to log-normal) at p=.9, possibly reflecting nore of a two way adjustment
process either up or down from the |oss anchor.

3.3.2 Models for Editing and Anchoring and Adjustnent

We propose and test the followi ng formal nodels to explain the data
fromthis experiment. Define the fraction of zero bids as f° and the
fraction of positive bids as f*=1-f°. Figure 3.2 suggests that f* will be
a function of p, f*(p). Figure 3.3 plots the fraction of positive bids
versus probability of loss. The fitted curve shown in the figure |abel ed
"nmodel " is estimted using data pooled across trials for the six

probabilities as

(3.3.1) f+=.936 - .00 & .
(152) (13.2)P

DF = 4 R* =98

where t-statistics, testing whether the coefficients differ fromzero, are
shown in parentheses. Qoviously the fraction of positive bids fails
sharply as the probability falls and the anount of editing increases. The
functional formused was chosen on the basis of fit. For example
replacing the I/p termwith an exponential in p lowered the RR to a value
near .4.

To nodel the anchoring and adjustnment process, we focus on explaining
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the nmean val ue of positive bids, B*. The nean of all bids B is then equal
to f*-B*. Thus, the relationship devel oped for £* above which describes
the editing process and the rel ationship devel oped bel ow for B* toget her
yield the curve |abeled "nodel" in Figure 3.1 that explains the average
bid B in terms of p.

The average positive bidder is assumed to start fromthe loss, L, and
nmove towards EV = pL. Thus, the distance over which the adjustnent occurs

is L-pL. Individual positive bids, B*, can be viewed as being equal to EV

plus an error term €, SO

(3.3.2) B*=pL+e.

The error terme is assumed to have a distribution g(e,L-pL) which is
shifted by the distance, L-pL, over which the adjustnment process occurs.

Further it is assumed that the mean of the error term € has the follow ng

properties
. +o =0 for L-pL=0
(3.3.3) e(L~pL)=/g(e,L-pL)ede {
- >0 for L-pL>0

so the greater the distance over which the adjustment nust occur, the nore
the mean error exceeds zero.3 W use a first order Taylor series linear
approxi mation of (3.3.3) to obtain

(3.3%4) € =~ €(0) + €'(0) - (L-pL)
where €(0) = 0 and €'(0)>0 by (3.3.3). Thus, if we assume that adjustnent

is a linear process we can substitute (3.3.4) into (3.3.2) to obtain the

! W note that the anchoring and adjustnent process can al so possibly

produce zero bids. Sone fraction of the population nay adjust to zero
or beyond to a negative bid which presunably appears as a zero bid.

The fraction of zero bids generated by anchoring and adjustnent would
based on our nodel be

-pL
f_z g(e,L-pL)de.

W do not attenpt to account for this fraction in our statistica
analysis, rather assigning all zero values as edits. The error
introduced by this assunption is presuned to be small
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mean positive bid as:
(3.3.5) B* = pL + €'(0)+(L-pL).
‘€'(o0) can be interpreted as a paraneter which estinmates the fraction of the
di stance L-pL that the average individual falls short in the attenpt to
adjust the bid fromthe anchor, L, to pL.* The anchoring and adjustnent
process is an exanple of a framing effect in which consideration of the
| oss as an anchor biases the estimation of EV. A non-random error
has thus been introduced by the intuitive thought process used to estimate
EV. It is the non-random nature of this type of error which makes analysis
of cognitive processes of inportance in understanding econonic behavior in
which low probabilities are involved.
To obtain a functional formfor statistical estimation and testing of
hypot heses we divide (3.3.5) by EV to obtain
(3.3.6) v =1+%T 2.
This relationship is estimated using the six observations on nean positive
bi ds pool ed across trials for the six alternative probabilities as
(3.3.7) —g—= 1.1 + .023 (1;")
(13.3) (11.5)
DF = 4 R® = .97
where the constant is free (not forced equal to unity). This estimted
relationship is plotted in Figure 3.4 along with the data points. Using
(3.3.7) we can test two hypotheses: The constant is not significantly
different fromunity (t(4)=1.2) but the coefficient on (1-p)/p is
reliability different from zero (t(4)=11.5). Thus

we can conclude that the probability |evel affects B*/EV.

An anchoring and adjustment nodel which has some simlarities to the
one presented here has been successfully tested by Johnson and Schkade
(1986) for a rather different experinental situation involving
uncertainty. Their experinment did not involve the lower probabilities
exam ned here and focused on having individuals provide hypothetical
estimates of probability and certainty equivalents
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B*/EV shoul d, of course, sinply equal unity and be unaffected by p if EUT
holds. Thus, we nust in general reject EUT. However, from (3.3.7)
(1-p)/p+0 as p*1 and as a result B*/EV+1.1, the constant, which is not
significantly different from unity. Thus, we do not reject the hypothesis
that EUT applies asynptotically for high probabilities; in Figure 3.4
B*/EV is not very different fromunity for p> 2. Finally, the data are
consistent with the anchoring-and-adjustnment nodel as expressed in (3.3.6)
because the constant is simlar to unity as predicted by the nodel and
€' (o) (estimated as .023) is significantly different from zero. This
interpretation suggests that the average individual adjusts 97.7 percent
of the distance fromthe loss to the expected value. The 2.3 percent
shortfall in the adjustnent process only leads to a large error in
estimating EV (as a proportion of EV) at smaller probabilities as the
di stance between L and pL increases.

3.3.3 Conparison to other Mdels and Experinents

Returning to the original specification of PT we can now suggest an
expl anation for the weighting function w(p), which can be interpreted as a
decision weight on the loss L. The mean B/EV of the entire popul ation

from PT should be w(p)/p fromthe analysis of section 3.2.1. Thus, using

(3.3.6)

(») B OB -
(3.3.8) %3=W=Ev—= £4(p)- (1+E (o)TB).
SO
(3.3.9) 7(p) = £*(p)(p+e'(0)(1-p)).

The weighting function can thus be interpreted as an artifact of the
editing process (described by the f*(p) relationship) and the
anchor i ng- and- adj ust ment process (captured in the €'(o) paraneter).

Unfortunately, at |ow probabilities where the divergence of w(p) fromp
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becones inportant, the decision weight does not describe the behavior of
any "typical" individual, but rather is the average of two divergent

behavi ors. In one behavior individuals bid zero. In the other, the nean
i ndi vidual bids well above EV, This binodality has several inplications
for analyzing |owprobability, high-loss events. For exanple, the intense
conflict which often arises over technol ogical risks such as those from
nucl ear power might be explained as a conflict between individuals from
upper and | ower nodes simlar to those apparent in the top panel of Figure
3.2.  Such conflict cannot be explained in terms of the weighting function
of PT which likely represents the average of a binodal distribution.

Rat her, consistent with the spirit of PT and as an extension of PT we woul d
propose the weighting function be discarded in favor of explicit nbdeling
of the editing and the anchoring and adjustment processes. One way to
formalize these notions is to refocus PT on the determ nants of the
fraction of positive bids, f*, and on the determ nants of the nean positive

bid - expected value ratio, B*/EV.®

)

Studi es by Hershey and Shoemaker (1982), Shoemaker and Kunreuther
(1979), and Slovic, et al. (1977) have also investigated insurance
preferences. However, those studies are difficult to conpare to the
present study because those earlier studies did not involve market
pressures, observed only hypothetical responses, and used very large

| osses (e.g., $100,000). The nmjor difference in those studies is that
respondents did not bid for insurance but only indicated whether they
woul d accept or reject insurance offered at an actuarially fair price
In terns of our analysis, for |lower probabilities these studies were
essentially tracking £*, the proportion of the sanple in the upper

mode. These studies are not consistent with each other in terns of
their inplicit nodeling of £* as a function of p and L and it should be
noted that we have offered only an atheoretical enpirical nodel of f+
as a function of p. Hershey and Shoemmker suggest that sonme of the
di fferences between studies are due to context or fram ng effects. W
offer the further suggestion that conparisons between these studies
will be difficult because the actuarially fair price will be dividing a
bi modal distribution between nodes for sone combinations of p and L and
a uni nodel distribution (at approxi mately the mean) for other distribu-
tions. dearly, nuch work remains to be done to understand the factors
determ ning whether people edit or anchor-and-adjust from the |oss
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3.3.4 Trial Dynamcs

We now turn to an exam nation of trial dynamcs - how experience over
trials affects bids for insurance. Figure 3.5 shows mean auction val ues of
B/EV (including zero bids) across rounds or trials. The means in Figure
3.5 remain constant and near unity across rounds for the higher
probabilities of .2 and .9 shown (.4 and .6 are sinmilar) but show a slight
upward drift at .1 and a large upward novenent at .01 across rounds. W
interpret the upward drift over rounds of B/EV at the |ower probabilities
to be the result of ganbler’s fallacy. That is, if a run of successive
white chips is drawn, subjects become falsely convinced that the subjective
probability of drawing a red chip has increased. This effect is not
apparent at higher probabilities because when a red chip is drawn, subjects
either “reset” their subjective probability close to the objective
probability or assune that the odds of drawing another red chip have gone
down. Thus, ganbler’s fallacy appears to be self cancelling when subjects
experience fairly frequent draws of a red chip. O course at |ow
probabilities, long runs of successive draws of white chips are likely and
the cunul ative effect of ganbler’s fallacy will be apparent. Wen
examning Figure 3.5, it is inportant to note that no red chips were drawn
across the ten rounds at a probability level of .01. Also, at the
probability level of .1 only one red was drawn (on the third round).

To analyze the nechanics of ganmbler’s fallacy we separate the data at
P=.01 by again analyzing the fraction of positive bids and the mean B/ EV of

positive bids which are, on a round by round basis:
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Round 1 2 3 4 5 6 7 8 9 10

£+ .60 .62 . 68 .15 .78 .78 .12 .85 .82 .80

B¥*/EV 3.0 2.3 3.5 3.0 3.4 39 33 32 32 50

These data suggest two observations. First, the fraction of positive bids
shows a relatively steady increase across rounds. Thus, node switching
fromthe zero node to a node centered around B/EV=3.2 (the nean of B*/EV
for rounds 1 to 9) seems to be the source of nost of the ganbler’s fallacy
effect apparent in Figure 3.5. Second with the exception of the

| ast round (which shows a strong end effect) B*/EV is relatively stable
across rounds. A linear regression of f* as a function of round yields an

estimated equation (using only the first 9 rounds)

(3.3.10) f*=.59 + .028 «round
(20.9) (5.6)

DF = 7 R* = .82

which contrasts sharply with a linear regression of B*/EV on round,

(3.3.11) B*/EV = 2.89 + . 065 « round
(9.6) (1.2)
DF = 7 R? = .17

whi ch has a coefficient not significantly different fromzero for the round
vari abl e. However, we are not prepared to disniss the hypothesis that
successive rounds affect the nean positive” bid for two reasons.

First, the amunt of adjustnent which occurs may depend on experience;
for exanple €'(o) may decrease with nore experience to produce bids close
to the target pL. Since subjects had nmuch experience at other

probabilities prior to purchasing insurance at p = .01, the effect of
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experience on valuing a new risk may not be apparent here. Second, it is
likely that ganbler’s fallacy affects the subjective probability belief of
individuals. Both f* and B*/EV seemto be functions of p. If we replace p
with s, we should see an effect of ganbler's fallacy on both
£* and B*/EV. The next section describes an experinment at p=.01 in which
subj ects have no prior experience and in which the nunber of successive
trials is raised to 50. This second experinment was specifically structured
to further explore trial dynamcs. |In any case, the analysis above
confirms another cognitive source of deviation from EUT, ganbler's fallacy,
which again, in a market |ike auction environnent, seens to occur only as a
problem at |ower probabilities.

3.3.5 Hypothetical Behavior

As noted in the introduction of this chapter, psychol ogy experinents of
ri sky decision nmaking have often used hypothetical bids and risks. In
contrast, experinmental econonmics traditionally enploys actual financia
transactions. The obvious question is whether using real nonetary
consequences differs from using hypothetical ampunts. Figure 3.6 shows how
nmeans of hypothetical bids collected in our experinent conpare to neans of
actual auction bids pooled across trials. Hypothetical nean bid
di vided by actual auction nean bid is shown on the vertical axis and
probability of loss is shown on the horizontal axis. The inexperienced
hypot hetical bids collected at the start of the experiment clearly
overestimate actual auction bids at |ow probabilities (since the ratio

shown in Figure 3.6 is greater than one) and underestimate actual auction
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bids at high probabilities (since the ratio is less than one). The single
deviation fromthe predictions of PT apparent in our auction results was
that at high probabilities bids were close to EV, that is, we did not see
the underweighting predicted by PT. W have no explanation as to why
i nexperienced hypothetical bids at high probabilities show underwei ghting
and actual auction bids do not. In contrast, however, experienced
hypot hetical bids, which were collected after actual auction experience at
other probabilities, were good predictors of auction bids at probabilities
of .2 and above. It should be noted that the experienced hypothetical data
point shown for .2 was not taken from the experiment described herein but
froma pilot study where the order of probabilities was different so that
an experienced hypothetical value could be obtained for p=2

Both inexperienced and experienced hypothetical bids are about twice
actual auction bids at p=.1 and .01. W conjecture that the overestination
of hypothetical bids which occurs at |ow probabilities may be due to an
i nconpl ete adjustnent process. In other words, since individuals start
with the loss and work downward in deriving bids and since the distance
between the loss and EV is great at |ow probabilities, practice may
increase the amount of downward adjustment which occurs, bringing bids
closer to EV. At the lower probabilities mre adjustment is required and
both inexperienced and experienced hypothetical bids may represent the
first iteration in the adjustment process. In the experiment described in
the next section subjects begin an actual auction at p=.01 with no prior
| aboratory experience of the auction procedure or this type of risk. If

this hypothesis is correct, actual auction bids should start at very high
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values. From Figure 3.1, actual auction bids are about 2.5 times EV at
p=.01. From Figure 3.6, hypothetical bids are about 2 tines actual auction
bids at p=.01. Thus, we conjecture that conpletely inexperienced actua
auction bids might be 5 times EV. If this is the case, then hypothetica
bids might be good predictors of conpletely inexperienced auction
behavior. Note in this context that all of the auction behavior in the
experiment described above was of the experienced type because we began the
auctions with four non-binding practice trials.

3.4 A Laboratory Simulation of the Response to a ‘New' Risk

3.4.1 OQverview

Gven the binodality and dynamc instability of values obtained at
p=.01 in the experiment described above, a second experinent was conducted
to explore further these phenonena at p=.01. A nunber of specific
questions notivated the design of the new experiment. First, the editing
phenonenon might have resulted from the relatively snmall $4 |oss enployed
Wuld editing still occur at simlar frequencies for a nuch higher |o0ss?
Wl bimdality still characterize the distribution of bids? To address
such questions, we raised the loss to $40. Second, subjects in the
experiment described above faced odds of loss of .01 after they had
obtai ned a consi derabl e anobunt of experience both with the Vickrey auction
for insurance and with other probabilities. Many real world policy
probl ens are associated with the response to new risks. Popul ations are
informed that the landfill near which they have lived for a decade is

| eaking toxic substances or that the long dormant volcano or fault now
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poses a threat. New technologies are often resisted because they are
viewed as dangerous, but later becone accepted. Thus, to explore these
i ssues, the auction was begun with no practice trials and the nunber of
rounds was increased to 50 so that the Iengthy recurrence intervals between
events (draws of a red chip) characteristic of real world | ow probability
hazards could be sinulated in the laboratory. A red chip was drawn on
round 33 so that subjects could accunul ate beni gn experience in the form of
a lengthy sequence of white chips before the event occurred. Seventeen
remai ning rounds were then available to exam ne behavior after the event
occurred. As in the previous experinment, each of the six sessions enployed
ei ght subjects drawn from undergraduate economics classes, a Vickrey
auction was used to sell four insurance policies in each round, and each
subject was given one dollar if a white chip was drawn to help finance
successive trials. The risky situation, initial balance and Vickrey
auction were described to subjects both in witten instructions and in an
oral explanation which allowed questions. Subjects were shown 99 white
chips and 1 red chip as they were placed in a bag. The sequence of 50
bi nding actual auctions then began immediately. A chip was drawn and
replaced followi ng each auction.

3.4.2 Results

Figure 3.7 shows the frequency distribution of B/EV pooled across al
50 trials. Generally, the distribution of B/EV for the $40 |oss |ooks
remarkably simlar to the frequency distribution shown for the $4 loss in

the top panel of Figure 3.2. Both distributions are strongly binodal wth
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one nmode at zero and another above EV (EV is shown as B/EV=1 in the
figures). Since the horizontal axis is logarithmc, the upper nodes in
both cases appear to center on approximtely log-normal distributions. Two
mnor differences are also apparent. First the upper node for the $40 |oss
is shifted slightly to the right conpared to the $4 loss. As we show bel ow
when we exanine trial dynam cs, inexperienced bids for the case of the $40
loss were very high in the early rounds. Thus, the difference in the
initial amunt of experience between the two experiments likely explains
this shift. Second, in the $40 |oss experiment some bidders seemto be

adj usting upwards froma zero anchor creating a descending step pattern
(nmoving to the right) for the zero, .3 and .5 B/EV bins in Figure 3.7.

Thi s suggests that individuals who edit are in reality choosing a zero
anchor as opposed to the | oss anchor as the basis for an upward as opposed
to downward adjustment process. This leads to the conjecture that a |ower
mode just above zero, made up of individuals who edit might evolve under

some circunstances. ° In any case, the pronounced binodality of the

To understand these circumstances we need to consider why we do not

see evidence of upward adjustment in the case of the $4 |oss shown

in the top panel of Figure 3.2. Subjects denmobnstrated a strong
tendency to submit bids in round nonetary values such as $.00, $.05
$.10, $.25, $.50, $.75, $1.00, $1.50, $2.00, $3.00, $5.00, $10.00 and
so on. This nonetary anchoring has often been tested in psychol ogica
studies of decision making (e.g., Conbs, Bezenbinder, & Good, 1967) and
in survey research. Since EV was $.04 in the $4 loss experinent, no
strong nonetary anchors fell between $.05 and $.00 so any upward
adjustment from zero likely fell in the B/N=1 bin. In contrast, wth
a $40 loss, EV=$.40, and nonetary anchors of $.10 and $.25 were
available in the B/EV=.3 and the B/EV=.5 bins respectively. Thus, the
larger the loss, the nore apparent upward adjustnent from the zero
anchor will be in experinents of this sort. For very |ow probabilities
and very large |osses a npbde just above zero might then becone apparent
since monetary anchors will be available just above zero
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earlier experinment is present at the higher |oss, consistent with the
editing and the anchoring and adj ustment nodel s devel oped in the previous
section.

Trial dynamcs are shown in Figures 3.8 and 3.9. Figure 3.8 shows nean
bid divided by EV. Early bids for insurance averaged about five tines
expected value, which is consistent with our conjecture of the previous
section, but decreased to about two tines expected value just before a red
chip was drawn on round 33. Reigning price (shown in Figure 3.9), after an
initial rise, renmmined constant at about 2 1/2 times EV until, followi ng
the draw of the red chip, a sharp drop in reigning price occurred in round
34. Both mean bid and reigning price then increased to the conclusion of
the experinent at round 50. W conjecture that bids fell in early rounds
both because individuals gained experience (i.e., learned to adjust nore
conpl etely) and because benign experience may work in the opposite
direction from ganbler’s fallacy by reducing the subjective probability of
loss. Note that in the 10 round experinent subjects both had experience in
formng values at other probabilities prior to facing odds of |oss of .01
and had actually experienced the loss of $4 on the draw of a red chip.

After the draw of the red chip in the $40 |oss experiment bids also rose
over following rounds as in the $4 |oss experiment. Thus, we suspect that,
in the absence of the experience of loss, draws of white chips may convince
some that they should dismiss the risk and bid lower or bid zero for

i nsurance. Experience with loss, however, seems to reverse this process.
Convinced by experience that the |oss can occur, some subjects seemngly
felt that successive draws of white increased the need for insurance. The
actual odds of drawing red remain constant over trials since the drawn chip
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was replaced before the next trial. Thus, the possible benign experience and
the ganbler’s fallacy effects on subjective probability of |oss represent
sinple logical errors concerning probability.

To test these hypotheses we again split the data into two portions. One
portion consists of the edit bids and the other contains all those bids
presumed to be generated by anchoring on the loss L = $40 and then adjusting
downwards towards pL. This time we count as edit bids not only the zero bids
but also those bids that are slightly above zero but still in the |ower node of
the frequency distribution of Figure 3.7. The category for B/EV = .5 appears
to be the boundary between the two groups of bids so we use the nidpoint of
that category as the dividing line. The fraction of bids in the upper portion
is now f* and the nean of the bids divided by expected value in the upper
portion is B*/EV. Both f* and B*/EV are calculated for each round and plotted
in Figures 3.10 and 3.11 respectively. To develop a statistical nodel of the
effects of benign experience and ganbler’s fallacy on f£* and B*/EV we

define the following variables on the basis of round

Round
i, 2, . . . . ., 33 34, 35, 36, - .. . +» 50
Vari abl e ‘
Beni gn -33, -32, . . . . ., -1, 9,0 @ ... ., @
After Red o, o,b . . . . ., 0 1,110,111, ..... .., 11
Since Red O 0, . . . . ., 0 0,,13,2,2, «.«.. .y 16

[f the prior definition of edit bids as only zero bids is used, the
functional form of the analysis which follows is essentially unchanged
The only difference is that f+is nmuch less stable when editing is

restricted to zero bids. This suggests that those editing sonetines
switch between zero and very low bids in the .3 and .5 B/EV categories of
Figure 3.7.
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Linear regression estimates (excluding data from the first and |ast rounds,
whi ch are obvious obvious from Figure 3.11) are:

(3.4.1) f'=.793-.0027 (Benign) - .128 (After Red) + .003 (Since Red)

(73) (-4.6) (-7.1) (1.1)
DF = 44 R = .87
and
(3.4.2) §+=2.54-.086 (Benign) + .21 (After Red) + .099 (Since Red)
(22) (-14) (-1.1) (5. 6)
DF = 44 Re = .88

W can interpret the data shown in Figures 3.10 and 3.11 using the statistical
model above as follows: The fraction of bids in the upper nobde (those presuned
to be adjustments fromthe anchor L=$40), f*, begins (after only one round of
prior experience) at approximately .88 and decreases significantly with benign
experience (t(44)= -4.6) to approximately .80 just before a red chip is drawn
on round 33. The draw of a red chip causes a sudden and statistically
significant (t(44) = 7.1) drop in f+ (nmeasured by the “After Red” intercept
shifter) in round 34 to approximately .67. Ganbler’s fallacy then appears to
explain the increase in f" to .71 by the next to the last round of the
experinment but the “Since Red” variable does not have statistical significance
(t(44) = 1.1).

The statistical mdel for the mean upper node bid divided by expected
val ue indicates that B*/EV begins at approximately 5.3 and falls steadily to
about 2.5 just before a red chip is drawn on round 33. This decline,
associated with benign experience, is significant (t(44) = -14) and is
possi bly caused by an inprovenent in the adjustnent process which occurs with
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experience or by a negative effect of successive draws of a white chip on the
subj ective probability of loss. In contrast to the f+ relationship, the

draw of a red chip had a negligible i mediate inpact on B*/EV as measured by
the “After Red” intercept shifter (t(44) = -1.1). This difference supports a
model of the decision structure which separates the editing decision fromthe
process used to derive a positive bid. Note in this context that the drop in
reigning price which follows the draw of a red chip on round 33 as shown in
Figure 3.8 is the result of the drop in f* which reflects a sharp increase in
editing due to a ganbler’s fallacy effect (a draw of red reduces the chance of
red on the next round). Positive bids, as measured by B*/EV, are however
affected by successive draws of white after a red in a manner consistent with
ganbler’s fallacy. As neasured by the “Since Red” variable, ganbler’s fallacy
is significant (t(44) = 5.6) in apparently increasing the subjective
probability beliefs of positive bidders so that BY/EV clinbs to approximtely
4.2 by the next to last round. Gambler's fallacy could be notivated in part by
an end effect in that subjects increasingly attenpt to defend their balances as
the last round approaches.

The dynanmic pattern shown in Figures 3.8-3.11 is broadly consistent with
the conventional wi sdom concerning subjective risk beliefs about natural and
man- made hazards. Such risks are viewed as being overestimated both when
people first beconme aware of the possibility of a catastrophe as well as in
some period following the occurrence of a catastrophe. Risk beliefs are viewed
as being underestimated following long periods of benign experience that
inevitably occur given the long recurrence intervals of |low probability
events. W were not able to denonstrate fully this last supposed attribute
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because, although B/EV declined steadily with benign experience, its value did
not fall below unity nor did f* approach zero in 33 rounds. Cbviously, the
asynptotic properties of both f* and B*/EV need to be explored in future
experinments involving nmore trials.

The binodality present in these experinents suggests that actual insurance
markets for disasters such as floods, earthquakes, etc. are likely to be
peculiar. |If insurance is provided by conpetitive suppliers, in the long run
the of fered price of insurance should be equal to expected val ue of the |oss
plus a mninmum of adm nistrative and transaction costs. Thus, insurance should
be offered just above expected value. For |ow probability hazards, the offered
price of insurance is likely to fall between the upper and | ower nodes of the
frequency distribution of bids for disaster insurance. Thus, nearly all of the
individuals in the upper nmode (who anchor on the loss) will likely purchase
insurance, while all of the individuals in the lower node (who edit) are not
likely to purchase insurance. In other words, the editing decision wll
conpletely control the nunber of insurance policies sold. Since benign
experience appears to decrease f*, which can be interpreted as the fraction of
the population at risk likely to buy insurance, people may be reluctant to
insure against disasters which have not occurred recently. On the other hand
sales of such insurance mght well increase in a period follow ng an event.

3.5 Can Risk Aversion Account for the Results?

Intuition suggests that the relative inpact of risk aversion on bids for
i nsurance should increase as the probability falls. Thus, in our first
experiment with a |loss of $4, one would expect little evidence of risk aversion
at a probability of .9 and our results do show nean bids equal to expected
value. However, at odds of .01 of a $4 |oss, enornous risk aversion coul d

raise mean bids to 2.5 times expected value as our data indicate. This
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possibility is excluded by the results from our second experinment with a |oss
of $40 as follows: To assune risk aversion is sufficient to explain our
results for a $4 loss in wealth inplies a very highly curved utility function
in the neighborhood of the current level of wealth. If the size of the loss is
increased fromthe $4 level to $40 level, as is done in our second experinent
for odds of loss of .01, then given such a highly curved utility function, the
effect of risk aversion should be to dramatically increase the ratio of bids to

expected value above the 2.5 obtained in the $4 |oss experinent. This does not

happen. Rather, Figure 3.7 |looks alnost identical in pattern to the top pane
of Figure 3.2. In other words, the frequency distribution of bids divided by

expected value is about the sane in the $4 | oss case as it is in the $40 |oss
case. This is very strong evidence that relative risk aversion plays al nost no
role in our experiments. The enornous degree of risk aversion necessary to use
expected utility theory to explain the 2.5 ratio of mean bid to expected val ue
obtained at a .01 probability with a $4 loss inplies that the frequency
distribution shown in Figure 3.7 ($40 | oss) should be far to the right conpared
to the frequency distribution shown in the top panel of Figure 3.2 ($4 loss).

In fact, the slight rightward shift shown in Figure 3.7 conpared to Figure 3.2
is much nore likely attributable to the fact that we began our second $40 |oss
experiment with no prior auction experience for subjects to simulate what would
happen when people faced a new risk. In contrast, subjects facing the $4 |oss
at .01 odds had prior experience with 4 practice trials plus 10 binding trials
at odds of .2 plus 10 binding trials at odds of .1. In other words, |earning,
not risk aversion, likely explains any increase in bids relative to expected
value in the $40 versus $4 loss experinments (both at .01 odds).
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A second denonstration of the inability of risk aversion to explain our
results cones fromenpirical studies of the coefficient of relative risk
aversion. Following the notation used above, utility is UY) where Y is
weal th. If we assume risk aversion, then U'<0. The coefficient of relative
risk aversion is defined as c=(-U'/U) -Y, a positive nunber. The enpirica
evi dence on the coefficient of relative risk aversion has recently been

summari zed as fol | ows:

In particular, Cohn et al. (1975) found evidence that the coefficient of
relative risk aversion is slightly decreasing in wealth. Friend and Bl une
(1975) found that “if there is any tendency for increasing or decreasing
proportional risk aversion, the tendency is so slight that for many
purposes the assunption of constant proportional risk aversion is not a bad
first approximtion” (p. 915). More recently, Mrin and Suarez (1983)
found the coefficient to be slightly decreasing for wealth levels up to
$100, 000, after which it becones approximtely constant. Furthernore,
Friend and Blune estinmated the market price of risk to determine a val ue

for the coefficient, which they argue is greater than one and may be as
hi gh as two.®

In contrast to the field studies cited above, what value for c is inplied
by our experinents if risk aversion is to account for the observed increase in
mean bid for insurance relative to expected value at a probability of |oss of

.01? Using the same notation as before, where we defined

Yo = initial wealth,

p = odds of loss (red chip),

L = size of nonetary |oss,

B = bid for insurance against |oss,

(1-p) = odds of gain (white chip),

and G = size of nonetary gain,

A Test of the Expected Utility Mdel: evidence from Earthquake Risks,” by
Brookshire, Thayer, Tschirhart and Schulze, JPE, 1985 Vol. 93:2, p. 381
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the true bid for insurance can be obtained in an expected utility framework by
setting the expected utility of paying and obtaining insurance for $B equal to
expected utility w thout insurance:

P U(Y°-B)+(1-p) U Y°+G B) =pU( Y°- L) +(1-p) U Y° +G) .
To incorporate the coefficient of relative risk aversion, we substitute a
second order Tayl or series approximtion of U'Y) into the expression above and
obtain (where expected value = EV=p-L) an expression for bid divided by

expected value (B/EV):

B/ EV=1 + %[;-U'D(B/Ev)z)lﬁ(l-p) (BEV) G .

Note, that if no risk aversion is present, ¢=0, and B/EV=1l. This is the
assunption used in our prior analysis and, for |osses of $4 and $40, can be
justified as follows: The largest known value from field studies for ¢ is
about 2. In these studies, Y° = $100,000. Thus, the term in square brackets
above is nultiplied by 2/$100,000. In our $40 |oss experinent at odds of .01
(where the effect of risk aversion should be greatest in our experinments) the
rel evant observations on p,L, G and B/EV are .01, $40, $1, and 2.5
respectively. Using these values in the termin brackets above yields a value
for that term of about 21.2. Miltiplying c¢/Y°® times this in the formula above
gives a B/EV of 1.0004. (Obviously this value of B/EV is inconsistent with our
experinental results and with our use of B/EV=2.5 in the r.h.s. of the fornula
above. The quadratic formula can be used to solve for B/ EV assum ng c=2 and
gives values of B/EV negligibly different fromunity. Cearly, existing field
evidence on risk aversion justifies our assunption of risk neutrality for

| osses of $4 and $40 used in our experiments.

Anot her approach is to ask what could ¢ have to be to explain our results.
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The expression above can readily be solved for ¢ in terns of Y B/EV, p, L
and G Using data from our $4 |oss experinent at .01 odds gives c=33, 333
(assumi ng Y°=$100, 000, B/EV=2.5, p=.01 L=$4 and G=$1). For the $40 | oss
experiment c¢=6,667 (assum ng Y°=$100, 000, B/EV=2.5, p=.01, L=$40 and
G=$1). Thus, not only nust risk aversion take on absurd |evels, but the
degree of risk aversion must be much larger for small |osses than for |arge
| osses. As noted above, field studies of risk aversion have shown ¢ to be
relatively constant for large changes in wealth. In summary the enpirica
evidence on the coefficient of relative risk aversion suggests that risk
aversion plays no role in our experiments. This is consistent with our
earlier argument that the increase in loss from$4 to $40, did not shift the
frequency distribution of B/EV to the right.

3.6 Concl usion

The principal objective of the experinments reported in this chapter was
to explore insurance behavior in a laboratory market-like environnent where
the probability of loss was varied. Thus, the predictions of expected
utility theory as well as nodels from psychology could be conpared against
actual behavior at both higher and |ower probabilities of |oss.
Additionally, repeated trials were included in the experinents so that the
effect of experience on decision making could be deternined. The results of
the experiments suggest that although expected utility theory is an
adequat e expl anation of behavior at higher probabilities of |oss, at |ower
probabilities a nuch mre conplex mdel is required to explain observed
behavior. This conplex npbdel has been evolving wthin psychol ogy
principally under the guise of prospect theory and includes features such
as the editing phenomenon and the anchoring and adjustnment process

documented in our results. Additional results of our experiment include
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at low probabilities, a large ganbler’s fallacy effect and strong
binodality. These results are consistent with the direction and spirit of
prospect theory. Further, they serve to reinforce our general conclusion
that nodel s which arise from psychol ogy and which consequently focus on the
nmental processes and possible errors in those processes are central to any
expl anati on of econom c behavior notivated by |ow probability events

Al though it can be argued that narkets thenselves seemto pronote
behavi or consistent with expected utility, they do not seemto help very
much for low probability, uncertain situations, at least within the range
of experience observed in our experiments. This inplies that
decision nmaking at |ow probabilities is likely to be subject to error even
in a market context. Individual responses to threats from |ow probability
hazards such as Superfund sites are likely to suffer fromthe entire Iitany
of cognitive difficulties identified above

Al t hough behavior differs frompredictions of expected utility theory
due to these cognitive difficulties, it is not appropriate to call behavior
at low probabilities irrational. Anyone attenpting to consider seriously
the nyriad of |ow probability natural and technol ogi cal hazards woul d
qui ckly be overwhel med and paral yzed with indecision. Therefore, it is
rational to edit away many hazards that appear to be unlikely and to
concentrate only on those that appear to be somewhat nore likely. For
those risks that are worth considering, the anchoring and adjustment
process may produce estimtes that are in nmany cases “close enough” in the
sense that additional cognitive effort would not generally be worth its
cost. This viewpoint is simlar to that expressed in the recent paper by
Russell and Thaler (1985). However, for very |ow probabilities and very
high losses the intuitive reasoning that |eads to the binmpdality shown in
our results has inportant inplications for public policy.
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For exanple, consider a controversy about whether a landfill containing
toxic materials needs to be cleaned up when the scientific estimate of the
risk is low An application of the results from this study would |ead us
to expect that some residents living near the landfill would edit and
therefore dismss the risk. Oher residents would consider their response
to the situation by anchoring on the losses, which could be extrenme such as
cancer and birth defects, and then adjusting downward. G ven such extreme
anchors, the judged levels after insufficient adjustnment, even if the
percentage nisadjustnent factor is small, are likely to be quite high.

Thi s produces two groups of residents who disagree strongly about what
needs to be done. One group conplains that the risk is negligible and that
all the fuss will only lower property values while the other group cannot
understand why the former group is not concerned about the deadly risk
confronting them all.® Chapter 4 shows that a drop in property values near
a hazardous waste site seems to be associated with a binodal distribution
of risk beliefs very simlar to that shown in the l|aboratory results

presented here.

Note that we obtained this binodality in the |aboratory where subjects
were able to perceive the risk directly by actually view ng the nunber
of red and white chips put into the bag. For a real risk where such
direct perception of the risk is not possible, there is likely to be
wi de individual variation in the estimation of the risk probability
which will likely exacerbate the difficulties.
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